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hinsichtlich seiner Grundgebirgsstruktur und Entstehung dienen sollen. Ein weiteres Ziel der Inter-
SUHWDWLRQGHU'DWHQXPIDVVWGLHP|JOLFKH$XVZLUNXQJGHV5FNHQVDXIGLH3DOlR]LUNXODWLRQLPVLFK










Vermessung der Struktur gestützt.
'LHQHXHQ UHÀH[LRQVVHLVPLVFKHQ8QWHUVXFKXQJHQ ODVVHQPlFKWLJHXQGJURÀlFKLJH/DYDÀXVH-





KXQJ GHU HLQ]HOQHQ6HJPHQWH GHV0R]5 GXUFK JHZDOWLJH MHGRFK QDFK JHRORJLVFKHP0DVWDE
NXU]HPDJPDWLVFKH(UXSWLYSKDVHQ'LH$QQDKPHHLQHUVHTXHQ]LHOOHQ(QVWHKXQJGHV0R]5ZLUG
GXUFKZHLWHUHEHUHLWVYHU|IIHQWOLFKWHJHRSK\VLNDOLVFKH'DWHQDXVGHP*HELHWGHV0R]5JHVWW]W
Anhand des errechneten magmatischen Volumens, sowie unter Berücksichtigung von publizierten 
JHPLWWHOWHQPDJPDWLVFKHQ$XVÀXVVUDWHQ XQG HLQHU DNWXHOOHQ SODWWHQWHNWRQVLFKHQ5HNRQVWUXNWLRQ
ZLUGGLH(QWVWHKXQJGHVVGOLFKHQ0R]5DXIGHQ=HLWUDXP]ZLVFKHQXQG0DGDWLHUW
'LH(QWVWHKXQJGHU0R]5/,3IlOOWVRPLWLQGLH¿QDOH3KDVHGHU7UHQQXQJYRQ$IULND$QWDUNWLVXQG
6GDPHULND XQG HUJlQ]W GLH )OOH DQ NUHWD]LVFKHQ /,3V LQ$WODQWLN ,QGLN XQG GHP3D]L¿VFKHP
2]HDQ'LHUHÀH[LRQVVHLVPLVFKHQ'DWHQOLHIHUQ]XGHP+LQZHLVHDXIHLQHPDJPDWLVFKWHNWRQLVFKH
5HDNWLYLHUXQJ GHV0R]5 HQWODQJ VHLQHU )ODQNHQZlKUHQG GHV VSlWHQ1HRJHQV 'LHV N|QQWH LP
Zusammenhang mit einer meerwärtigen Ausbreitung des westlichen Ausläufers des Ostafrikan-
sichen Grabenbruchs stehen.
'LHVHGLPHQWlUHQ$EODJHUXQJHQLP*HELHWGHVVGOLFKHQ0R]5GLHQHQDOV$UFKLYIUGHQ:DVVHU-
massenaustausch zwischen Indik und Südatlantik durch die Afrika–Südozean (A–SO) Passage, da 
durch strömungskontrollierte Sedimentation charakteristische Sedimentstrukturen (Konturite) ent-





en und lassen auf eine Ablagerung unter euxinischen Bedingungen schließen. Dies wird als In-
GL]IUHLQH$EVFKRWWXQJGHU$±623DVVDJHGXUFKWRSRJUD¿VFKH%DUULHUHQ]%)DONODQG3ODWHDX
II
gegenüber der allmählich aufkommenden Paläozirkulation im Südozean interpretiert.
'DV9RUNRPPHQYRQYXONDQLVFKHQ/DJHQ LP%RKUNHUQ]XVDPPHQPLWHLQHPVWDUNHQ$QVWLHJGHU
5HÀH[LRQVDPSOLWXGHQGHXWHWDXIHLQHPDJPDWLVFKH5HDNWLYLHUXQJGHV5FNHQV]XP(QGHGHU8Q-











südäquatorialem Stroms im Indischen Ozean (pre-Indian Ocean SEC) gedeutet. Umfassende kli-
matische (z.B., Vergletscherung der Westantarktis) und tektonische Veränderungen (z.B., sukzes-
sive Schließung des Indonesischen Seeweges) während des Neogens sorgten für eine Verlagerung 
des Zustroms des Antarktischen Bodenwassers (AABW) und eine Ablenkung des Nordatlantischen 
7LHIHQZDVVHUV1$':LP*HELHWGHU$±623DVVDJH'LHVH0RGL¿NDWLRQHQZHUGHQGXUFKHUQHXWH
Ablagerung von Konturiten in Tiefenbereichen des AABW und NADW belegt. Die dünne Sediment-
bedeckung und das vermehrte Auftreten von Erosionsstrukturen in Tiefen des heutigen Antarktischen 
Zwischenwassers (AAIW) deuten auf eine anhaltende kräftige Zirkulation in diesen Tiefen hin.
Eine Pliozäne Diskordanz im Gebiet der A–SO Passage wird als Übergang zur modernen thermo-
halinen Zirkulation (THC) interpretiert. Der Übergang geht einher mit einer Verlagerung des AABW 
=XÀXVVHVLQGLH$±623DVVDJHGXUFKGLH$JXOKDV3DVVDJHLP:HVWHQXQGLVWGRNXPHQWLHUWGXUFK
.RQWXULWH HQWODQJGHU VGOLFKHQ WLHIHQ)ODQNHQGHV0R]5*OHLFK]HLWLJ ]HLFKQHW VLFK DQKDQGGHU
EHREDFKWHWHQ6HGLPHQWVWUXNWXUHQHLQH9HUlQGHUXQJGHU1$':=LUNXODWLRQHQWODQJGHV0R]5DE
welche auf eine Aufteilung des NADW in der A–SO Passage in einen nördlichen und einen südlichen 
Strom schließen lassen.
Diese Beobachtungen signalisieren den Beginn der tiefen THC zwischen dem Atlantik und In-
GLNGXUFKGLH$±623DVVDJHRKQHHLQHVWDUNH%HHLQÀXVVXQJGHU=LUNXODWLRQGXUFKGHQ0R]5LP
Quartär. Die Zunahme von Konturiten im Tiefenbereich des AAIW deutet auf eine Verringerung der 
Strömungsgeschwindigkeit hin. Die Quartären Veränderungen der Paläozirkulation sind die Folge 
ZHLWUHLFKHQGHUSDOlRR]HDQRJUD¿VFKHU(UHLJQLVVHZLHHWZDGLH¿QDOH6FKOLHXQJGHU0HHUHQJHYRQ
Panama und des Indonesischen Seeweges, sowie dem Beginn der Vergletscherung in der nördli-
chen Hemisphäre. Die Ergebnisse zeigen, dass die Interpretation der Sedimentablagerungen am 
VGOLFKHQ0R]5HLQGHWDLOOLHUWH5HNRQVWUXNWLRQGHU2]HDQ]LUNXODWLRQVHLWGHU8QWHUNUHLGHOLHIHUQXQG








jective of the interpretation of the data is to investigate the possible impact of the structure on palae-
ocean circulation in the evolving Southern Ocean during the Cretaceous, Tertiary and Quaternary. 




the precise origin and evolution of the ridge since its development are highly debated. Some authors 










ridge. Based on the calculated magmatic volume, published time-averaged volumetric volcanic out-








change between the Indian and South Atlantic Oceans through the African–Southern Ocean (A–SO) 
gateway. Characteristic sedimentary structures (contourites) are deposited by current controlled sed-




RI72&LQ WKH/RZHU&UHWDFHRXVVHGLPHQWV WKDW LQIHUGHSRVLWLRQXQGHUHX[LQLFFRQGLWLRQV7KLV LV
interpreted as evidence for the isolation of the A–SO gateway by topographic barriers (e.g., Falkland 
Plateau) against the emerging palaeocean circulation in the Southern Ocean.
The occurrence of volcanogenic sediment layers at DSDP Site 249 together with an observed distinct 
LQFUHDVHLQUHÀHFWLRQDPSOLWXGHVVXJJHVWDPDJPDWLFUHDFWLYDWLRQRIWKH0R]5LQPLG&UHWDFHRXV
times. The following interval, which continues into the late Upper Cretaceous, is characterized by a 
ORQJODVWLQJKLDWXV7KHKLDWXVLVDUHVXOWRIWKHXSOLIWRIWKH0R]5GXHWRLWVPDJPDWLFUHDFWLYDWLRQ
and the onset of a vigorous shallow circulation in the A–SO gateway.
2EVHUYHG8SSHU&UHWDFHRXVFRQWRXULWHVDW WKHVRXWKHUQ0R]5DUHHYLGHQFHRIDVKDOORZFXUUHQW
IV
controlled sedimentation due to decreased current intensities. One of the reasons for the decrease in 
FXUUHQWLQWHQVLWLHVPD\EHWKHVHSDUDWLRQRIWKH5LR*UDQGH5LVHIURPWKH:DOYLV5LGJHWKDWSUREDEO\
FDXVHGDGHÀHFWLRQRIWKHVXUIDFHDQGLQWHUPHGLDWHZDWHUVZHVWRIWKH$±62JDWHZD\7KHREVHUYHG
contourites indicate the inception of a shallow water mass exchange between the Indian and South 
$WODQWLF2FHDQVWKURXJKWKHJDWHZD\LQODWH&DPSDQLDQWLPHVa0D
7KHRFFXUUHQFHRIDa0\UORQJKLDWXVDWWKH0R]5LVDWWULEXWHGWRWKHYLJRURXVSUH,QGLDQ2FHDQ
South Equatorial Current. Extensive climatic (e.g., West Antarctic Glaciation) and tectonic (e.g., 
JUDGXDOFORVLQJRIWKH,QGRQHVLDQVHDZD\PRGL¿FDWLRQVGXULQJWKH1HRJHQHFDXVHGDVKLIWRIWKH
LQÀRZRI$QWDUFWLF%RWWRP:DWHU$$%:DQGDGHÀHFWLRQRI1RUWK$WODQWLF'HHS:DWHU1$':LQ
the A–SO gateway. These changes are documented by renewed contourite deposition in depths sim-
ilar to AABW and NADW. The thin sedimentary cover and the occurrence of a number of erosional 
structures in depths of modern Antarctic Intermediate Water (AAIW) indicate a sustained vigorous 
circulation in these depths.
The occurrence of a Pliocene unconformity within the A–SO gateway is interpreted as the transition 




indicate a separation into a northern and a southern NADW branch.




of the Central American Seaway and the Indonesian Seaway, and the onset of Northern Hemisphere 
*ODFLDWLRQ7KHUHVXOWVVKRZWKDWWKHLQWHUSUHWDWLRQRIWKHVHGLPHQWDU\GHSRVLWVDWWKHVRXWKHUQ0R]5
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11. Introduction and motivation
1.1. Large Igneous Provinces and their environmental impact
Massive magmatic events have repeatedly occurred within geologic history both on land and in the 
RFHDQ/DUJH,JQHRXV3URYLQFHV/,3VDUHWKHH[SUHVVLRQRIWKHVHHQRUPRXVPDJPDWLFRXWSRXULQJV
and several mechanisms have been proposed to explain their formation. A widely supported theory 
FRQQHFWV/,3GHYHORSPHQWWRWKHSUHVHQFHRIDPDQWOHSOXPH&RI¿QDQG(OGKROP:KLWHDQG
0F.HQ]LH6DXQGHUV&DPSEHOODuring the life cycle of a plume, a massive 
SOXPHKHDGLVGHYHORSHGLQD¿UVWVWHSWKDWULVHVWKURXJKWKHPDQWOHLQDJHRORJLFDOO\VKRUWWLPH$W
WKHEDVHRIWKHOLWKRVSKHUHWKHSOXPHKHDGH[SDQGVGXHWRGHFRPSUHVVLRQDQGHUXSWVPDVVLYHÀRRG
EDVDOWVZLWKDODUJHEXR\DQF\ÀX[&RXUWLOORW et al., 2003). Other models explain the massive outpour-










SXOVHVRIVKRUWGXUDWLRQ a±0\UGXULQJZKLFKD ODUJHSURSRUWLRQ !SHUFHQWRI WKH WRWDO





























Continental flood basalt provinces and volcanic rifted margins Mozambique Ridge (dark green outline)













2CHAPTER 1. INTRODUCTION AND MOTIVATION
the Earth’s deep interior to the surface (Sleep, 1992). 
)RUVHYHUDOGHFDGHV/,3VKDYHEHHQRIJUHDWLQWHUHVWEHFDXVHRIWKHLUGUDPDWLFLPSDFWRQWKH(DUWK¶V
atmosphere, oceans and biosphere (Neal et al., 2008). Correlations between large basaltic eruptions 
and disturbances of the global environment are well-documented. Historic examples include two 
volcanic eruptions in Iceland (934 and 1783 CE), both of which were followed by historically cold 
summers in the Northern Hemisphere (Stothers, 1998). 
,QFRQWUDVWWKHPDJPDWLFHUXSWLRQVDVVRFLDWHGZLWK/,3IRUPDWLRQH[FHHGWKHGXUDWLRQDQGVWUHQJWK
of both events by several orders of magnitude. They have been linked to climate shifts and mass 
extinction events by ejecting large amounts of greenhouse gases (e.g., CO2, SO2) and heat into 
the atmosphere (Sobolev et al.$UPVWURQJ0ND\ et al..HUU7KHHPSODFHPHQW
of several Cretaceous oceanic plateaus such as the Ontong Java and Kerguelen Plateaus (Figure 
HYHQWXDOO\FXOPLQDWHGLQRFHDQLFDQR[LFHYHQWVDQGVLJQL¿FDQWGHSRVLWLRQRIEODFNVKDOHV.HUU
6DXQGHUV.HUU$FFRUGLQJWR%RQGDQG:LJQDOODOPRVWDOORI(DUWK¶V
PRVWVHYHUHELRWLFFULVHV LQFOXGLQJ IRXURI WKH³%LJ´3KDQHUR]RLFH[WLQFWLRQHYHQWVZHUHDVVR-
FLDWHGZLWK/,3 IRUPDWLRQ7KHJOREDORFFXUUHQFHVRI WKHVHELRWLFFULVHVKLJKOLJKW WKH IDUUHDFKLQJ
FKDQJHVFDXVHGE\/,3HPSODFHPHQW
Directly or indirectly, these changes in the atmosphere-ocean system may also have caused distur-
bance of the ocean circulation (Self et al., 2006). This applies in particular to the Cretaceous, which, 
because the CO2 content in the atmosphere was three to seven times higher than that of today, was 
thus perhaps more susceptible to perturbations in atmosphere-ocean dynamics (Neal et al., 2008). 
/,3LQGXFHGJOREDOZDUPLQJPD\KDYHLQFUHDVHGZDWHUWHPSHUDWXUHVLQWKHSRODUUHJLRQVWKHUHE\
effectively slowing down circulation by decreasing the pole-to-equator temperature gradient (Kerr, 
:LJQDOO)XUWKHUPRUHRFHDQLFSODWHDXVUHSUHVHQWODUJHVFDOHVHDÀRRUHOHYDWLRQVDQG
can thus severely obstruct water circulation within the ocean basins. This is documented by the oc-
currence of erosional unconformities, contourites and distinct geochemical signatures at a number 
RI/,3VVXFKDVWKH$JXOKDVDQG.HUJXHOHQ3ODWHDXV)LJXUH7XFKRONHDQG&DUSHQWHU
7XFKRONHDQG(PEOH\8HQ]HOPDQQ1HEHQ0XUSK\DQG7KRPDV
1.2. Ocean circulation 




importing, exporting, and transporting vast quantities of heat and freshwater. Its engine is fuelled by 




in Figure 1.2) are located. It becomes denser and downwells due to its lower temperature and higher 
VDOWFRQWHQW5DKPVWRUI:XQVFK.XKOEURGW et al.YDQ$NHQ7KHGHQVHU
water then recirculates at depth (blue paths in Figure 1.2), thereby getting warmer and less salty due 
to mixing. Consequently, the water upwells again, eventually starting a new cycle of heat and salt 
transport towards the high latitudes. 




allowed for interoceanic exchange of water masses. Important steps towards initiation of the global 
THC include:
• 0LGGOHWR/DWH&UHWDFHRXVUHRUJDQL]DWLRQRIWKHRFHDQLFFLUFXODWLRQWKDWJRYHUQHGWKHWHU-
mination of the hot Cretaceous greenhouse as a consequence of the opening of the Equa-
torial Atlantic Gateway (Friedrich et al., 2012).
• /DWH(RFHQHWRHDUO\2OLJRFHQH$QWDUFWLFJODFLDWLRQDQGLQLWLDWLRQRIWKH$UFWLF&LUFXPSRODU
Current due to the Drake Passage opening (Katz et al., 2011).
• /DWH1HRJHQH LQWHQVL¿FDWLRQRI1RUWK$WODQWLF'HHS:DWHU FLUFXODWLRQDVD UHVXOW RI WKH
closure of the Central American Seaway, which may have facilitated the onset of Northern 
Hemisphere Glaciation (Schneider and Schmittner, 2006). 
The opening and closing of ocean gateways have therefore substantially altered ocean circulation 
during most of geologic history, which in turn affected the global climate (Sijp et al.'RQQDGLHX 
et al.8HQ]HOPDQQ1HEHQ et al., 2016). These palaeoceanographic events left their footprints 
in the sedimentary record and can be reconstructed based on the analysis of geochemical proxy 
signatures (e.g., į182į13C, İNd)UDQN et al.)ULHGULFK et al., 2012). Furthermore, sedimentary 

















Salinity > 36 ‰



































DQG.XKOEURGWHWDO  ,QVHW  VKRZVDEDWK\PHWULFPDS :HDWKHUDOO HWDO RI WKH$IULFDQ±6RXWK-
HUQ2FHDQJDWHZD\DORQJZLWKLPSRUWDQWVWUXFWXUDOXQLWVDQGWKHPDLQÀRZSDWKV/XWMHKDUPV8HQ]HO-
PDQQ1HEHQHWDO*UXHW]QHUDQG8HQ]HOPDQQ1HEHQof the water masses circulating within the 
gateway.
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oclimatic conditions and can lead to a better understanding of their development. This, in turn, can 
improve future forecast models for changes in global climate.
 
1.3. The African–Southern Ocean gateway
7KH$IULFDQ±6RXWKHUQ2FHDQJDWHZD\$±62JDWHZD\LQVHWLQ)LJXUHUHSUHVHQWVDQDUHDWKDW
KDVEHHQRIJUHDWLQWHUHVWIRUVWXGLHVDERXWWKHHIIHFWVRIFOLPDWLFDQGWHFWRQLFPRGL¿FDWLRQRQFLUFXOD-










ture, composition and development are still not fully understood (inset in Figure 1.2). The area de-
YHORSHGDVDFRQVHTXHQFHRI*RQGZDQDEUHDNXSEHWZHHQDQG0D/DZYHU et al.
6WRUH\*KLGHOOD et al.-RNDW et al.-RNDW et al.%HUQDUG et al.ZLWKD
VKDOORZZDWHUEDVLQFRYHULQJWKHDUHDRIWKH0R]DPELTXH%DVLQDQG5LMVHU/DUVHQ6HD7KHRSHQLQJ
of the South Atlantic started between 137 and 126 Ma (Gladczenko et al.+LQ] et al., 1999), 
ZLWKWKHHDUOLHVWWUDFHVRIRFHDQLFFUXVW LQWKH1DWDO9DOOH\\LHOGLQJDQDJHRIa0\U*RRGODG 
et al..|QLJDQG-RNDW7KHFLUFXODWLRQZLWKLQWKHHYROYLQJ6RXWKHUQ$WODQWLFDQG,Q-
dian oceans were entirely different and characterized by separated shallow basins and a sluggish, 
UHVWULFWHGFLUFXODWLRQXQGHUPDLQO\HX[LQLFFRQGLWLRQV /DZYHU et al.5RELQVRQ et al.
Donnadieu et al.8HQ]HOPDQQ1HEHQ et al., 2016). According to König and Jokat (2006) sep-
DUDWLRQRIWKH)DONODQG3ODWHDXIURP$IULFDEHWZHHQaDQG0DUHVXOWHGLQWKHLQFHSWLRQRID
deep water connection between the Indian and South Atlantic oceans. 
2EVHUYHG/DWH&UHWDFHRXVEODFNVKDOHVLQWKH7UDQVNHL%DVLQ7%LQVHWRI)LJXUHLQGLFDWHWKDW
DUHVWULFWHGDQGHX[LQLFGHHSFLUFXODWLRQZLWKLQWKH$±62JDWHZD\SUREDEO\FRQWLQXHGXQWLOWR
Ma (Schlüter and Uenzelmann-Neben, 2008a). An Eocene to Oligocene onset of current controlled 
sedimentation within the gateway is documented by several contourite drifts at the Agulhas Plateau 
DQG LQ WKH7UDQVNHL%DVLQ 8HQ]HOPDQQ1HEHQ6FKOWHUDQG8HQ]HOPDQQ1HEHQE
(YHQWKRXJKPRGL¿FDWLRQVRIWKHFLUFXODWLRQVFKHPHZLWKLQWKHJDWHZD\DIWHULQLWLDORQVHWRIFXUUHQW
controlled sedimentation were suggested, for example as a consequence of the mid-Miocene gla-
ciation of West Antarctica, deposition of contourites is suggested to have persisted until the present 
day (Niemi et al.6FKOWHUDQG8HQ]HOPDQQ1HEHQ8HQ]HOPDQQ1HEHQ et al.
Schlüter and Uenzelmann-Neben, 2008b). As described above, the individual steps of the Gondwa-
na breakup and general circulation history are largely understood.




5DLOODUG0RXJHQRW et al.+DUWQDG\ et al., 1992), Ben-Avraham et al.VXJJHVWHG
DSDUWLWLRQLQJRIWKH0R]5LQWRDQRUWKHUQRFHDQLFDQGDVRXWKHUQFRQWLQHQWDOSDUW
5HFHQWO\DFTXLUHGVHLVPLFUHIUDFWLRQGDWD LV LQWHUSUHWHGDVVWURQJHYLGHQFHIRUD/,3RULJLQRI WKH
5RESEARCH QUESTIONS
VRXWKHUQ0R]5*RKO et al., 2011), and supported by gravity and magnetic anomaly data indicating a 
PDJPDWLFRULJLQRIWKH0R]5.|QLJDQG-RNDW,QFDVHRID/,3RULJLQWKH0R]5ZRXOGKDYH
strongly hindered surface and deep water mass exchange between the evolving Indian and South 
$WODQWLFRFHDQVDFURVVWKH$±62JDWHZD\7KHUHVXOWVRI'6'3/HJ6LWHVKRZWKHRFFXU-
UHQFHRIWZRORQJODVWLQJKLDWXVHVDWWKH0R]56LPSVRQ et al., 1974). These hiatuses partly involve 
periods during which contourite deposition was proposed in the A–SO gateway. This indicates that 
WKH0R]5ZLWQHVVHGDXQLTXHGHSRVLWLRQDOKLVWRU\ZLWKLQWKHJDWHZD\
7RDQVZHUWKHTXHVWLRQRIWKHRULJLQRIWKH0R]5DQGLWVSRVVLEOHLQWHUDFWLRQZLWKSDODHRFHDQFLU-
culation during the evolution of the A–SO gateway, the Alfred-Wegener-Institut Helmholtz-Zentrum 
IU3RODUXQG0HHUHVIRUVFKXQJJDWKHUHGKLJKUHVROXWLRQPXOWLFKDQQHOVHLVPLF0&6UHÀHFWLRQ
SUR¿OHV LQSOHDVHUHIHU WRFKDSWHUIRU IXUWKHUGHWDLOV7KHDQDO\VLVDQG LQWHUSUHWDWLRQRI
WKHVH0&6UHÀHFWLRQSUR¿OHVSOXVWZRDGGLWLRQDO0&6UHÀHFWLRQSUR¿OHVIURPDSUHYLRXVVXUYH\VHH
chapter 2.1) form the basis of this dissertation.
1.4. Research questions
In principle, this PhD thesis deals with two different topics: (I) the nature and origin of the basement 
DQG LWV LPSOLFDWLRQ IRU WKH IRUPDWLRQRI WKH0R]DPELTXH5LGJHDQG ,, WKH ODWH0HVR]RLF WR ODWH
Cenozoic sediments deposited on top of the basement and their interpretation as a sedimentary 










• When did the water mass exchange through the African–Southern Ocean gateway com-
PHQFH"
• 'RZHREVHUYHHYLGHQFHIRUGLIIHUHQWSHULRGVRISDODHRFHDQFLUFXODWLRQ"




the palaeocean circulation in the African–Southern Ocean gateway are addressed in chap-
WHUVDQG&KDSWHUIRFXVHVRQWKH&UHWDFHRXVGHSRVLWLRQDOHQYLURQPHQWZKLOHFKDSWHU
6 covers the Cenozoic era.
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72. Datasets and methods
2.1. Datasets



































































































































































Figure 2.1. /RJR RI H[SHGLWLRQ
62WRWKH0R]DPELTXH5LGJH




GXULQJ62 QRUWKHUQ0R]5 FHQWUDO0R]5 VZ0R]5 VH0R]57KHLQVHWPDSVKRZVWKH
location of the study area (red frame) in context of the African continent.





the measuring the two-way travel time (TWT) of seismic waves, emitted from the source of the 
DFRXVWLFVLJQDOKHUHFOXVWHURIDLUJXQVDQGUHÀHFWHGEDFNWRWKHUHFHLYHUKHUHK\GURSKRQHDUUD\
DWLQWHUIDFHVEHWZHHQFRQWUDVWLQJJHRORJLFDOOD\HUV7KHHPLWWHGVHLVPLFVLJQDOLVUHÀHFWHGRQO\ZKHQ
there is a contrast in the acoustic impedance caused by differences in seismic velocity (v), and in the 
density (ȡRIWKHJHRORJLFDOOD\HUV7KHDPSOLWXGHRIWKHUHÀHFWHGVLJQDOLVWKHSURGXFWRIWKHVWUHQJWK
of the contrast in the acoustic impedance, and is recorded along with the two-way travel time. An 
example of such seismic wave propagation is shown in Figure 2.3.
To be able to resolve individual structures in the underground, they have to be separated from each 
other by one quarter of the wavelength (ȜRIWKHVHLVPLFVRXUFH&ODHUERXWE,IWKHGRPLQDQW
frequency of the source (f) and the P-wave velocity of the signal (v) are known, the vertical resolution 
(Rv) is calculated by:
The spatial resolution (RsLVGH¿QHGE\WKH)UHVQHO]RQH6KHULIIZKLFKLQDWZRGLPHQVLRQDO
case can be expressed in terms of a product of wavelength (Ȝ) and depth (d) by:
R 4 4f
vv = =m





240 channels, 12.5 m spacing
V2 p2   V1 p1
V1 p1
V3 p3   V2 p2
V4 p4   V3 p3










cluster of four GI-guns (Figure 2.4a). Each GI-Gun is composed of a genera-




WULJJHUHGZLWKDPVGHOD\ WRVXSSUHVV WKHEXEEOHHIIHFW7KH UHÀHFWHG











provide general information about the nature of unconformities observed in 
the sedimentary column and, in the absence of a more direct possibility of 
dating, they were used to constrain the seismic stratigraphy presented in 
chapter 2.2.2 and described in more detail in chapters 4 to 6.
Site 249 was drilled at a water depth of 2088 m and cored 408 m of sedi-
ments and sedimentary rocks of late Cenozoic and Cretaceous age prior to 
UHDFKLQJWKHEDVDOWLFEDVHPHQW)LJXUH6LPSVRQ et al., 1974). 
A thin segment of basaltic basement (3.1 m) was recovered, but due to se-
vere weathering of the rock samples, no radiometric age dating was pos-
sible. Based on the age of the overlying sediments, Simpson et al. (1974) 
suggested an early Neocomian age of the tholeiitic basalt. Three major litho-
logical units and two subunits were recognized by means of lithological and 
a) b)
Figure 2.4. (TXLSPHQWXVHGIRU WKHDFTXLVLWLRQRIVHLVPLFUHÀHFWLRQGDWDGXULQJ62SLFWXUHVWDNHQE\
M.D. Fischer). (a) Two of the four GI-guns representing the seismic source. (b) The 3000 m long hydrophone ar-

























































































DSDP Leg 25 Site 249
(water depth 2088 m)
Figure 2.5. G r a p h -
ical illustration of the 
UHVXOWV RI '6'3 /HJ
 6LWH  6LPSVRQ
et al., 1974).
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biostratigraphic characteristics (Simpson et al.aPRI1HRFRPLDQWRHDUO\&HQRPDQLDQ
deposits overlie the basement and comprise two subunits (IIIB and IIIA) that mainly consist of silty 
claystone. The subunits can be distinguished from each other based on the occurrence of volcanic 
siltstones within subunit IIIA. 
An early Cenomanian to late Campanian unconformity (287 mbsf) representing a0\UVHSDUDWHV
OLWKRORJLFDOXQLW,,,IURPWKHPWKLFNIRUDPEHDULQJFOD\ULFKQDQQRFKDONRIXQLW,,$QRWKHUSURP-
inent unconformity is observed at 172 mbsf, where the complete late Maastrichtian to mid-Miocene 
a0\UVHGLPHQWDU\UHFRUGLVPLVVLQJ6LPSVRQ et al., 1974). Biostratigraphic age determinations 
of the foram-rich nanno ooze of lithological unit I suggests the occurrence of a aWR0\UKLDWXV
VHSDUDWLQJWKH1HRJHQHIURPWKH4XDWHUQDU\VHGLPHQWVLQWKHXSSHUSDUWRIWKHaPWKLFNXQLW
2.2. Methods
2.2.1. Seismic data processing
3URFHVVLQJRIWKH0&6UHÀHFWLRQGDWDZDVSHUIRUPHGXVLQJWKH(FKRV© 2011.3 software package by 
Paradigm®. The main objective of seismic data processing is to enhance its signal-to-noise ratio. The 
following is a summary of the processing steps that were applied to the data prior to interpretation. 
For further information, please refer to, for example, &ODHUERXWDDQG<LOPD]7KHFRU-
responding Echos© software modules of the individual steps are shown in Table 2.1.
3URFHVVLQJRIWKHVHLVPLFGDWDVWDUWHGZLWKWKHJHRPHWU\GH¿QLWLRQXVLQJWKHVKLS¶VQDYLJDWLRQGDWD
Table 2.1. Seismic processing steps with corresponding software modules in Paradigm© 
Echos© 2011.3
Processing step Module 3XUSRVH5HPDUNV






CDP sorting 6257 Arrange traces by common depth point, CDP VSDFLQJRIP*8HQ]HOPDQQ1HEHQ
Velocity-depth analysis 9(/'() CRQGXFWHGHYHU\
th CDP, interval decreased in 
FDVHRIFRPSOH[IHDWXUHVRUVWHHSÀDQNV
Normal moveout (NMO) 
correction NMO
Corrects arrival time on offset traces to zero-off-
set time
Correction for spherical 
divergence SPHDIV Compensates energy loss with radial distance
Stacking MEDSTK
Increases the signal-to-noise ratio of the NMO 
corrected data. Iterative mean stacking algorithm 
was used, with four iterations and a gradual de-
creaseof admitted samples to each iteration.
Migration MIGFX
OPHJD[¿QLWHGLIIHUHQFHPLJUDWLRQZDVXVHG
to collapse diffraction hyperbolas, method was 





was applied to the migrated data





or in case of small-scale and complex features the interval was decreased. The resulting stacking 
velocity was used for normal moveout (NMO) correction, which is used to reduce the delays in travel 
time of the signal due to the spatial differences of the receiver locations. 
NMO correction was followed by correction for spherical divergence to account for the loss of seis-
mic wave energy due to spherical expansion. An iterative mean stacking algorithm was applied to 
enhance the signal-to-noise ratio of the data. Four iterations have been performed with a stepwise 
H[FOXVLRQRIVDPSOHV ODUJHURUVPDOOHU WLPHV WKHVWDQGDUGGHYLDWLRQ IURP WKHPHDQ





seismic amplitude information was used for the interpretation, we avoided Automatic Gain Control 
$*&¿OWHULQJVRWKDWDPSOLWXGHVGHSLFWHGLQWKHSUR¿OHVUHSUHVHQWYDOXHVUHODWLYHWRWKHPD[LPXP








seismic stratigraphy of the study area. A graphic and tabular summary is shown in chapter 7. The 
SURFHVVHG0&6UHÀHFWLRQGDWDZHUHPLJUDWHGLQWRWKH+DOOLEXUWRQ/DQGPDUN6HLV:RUNV© software 
to implement the seismic stratigraphic concept by tracking and picking 










ODWHUDOO\ DQG YHUWLFDOO\ H[WHQVLYH ODYD ÀRZ VHTXHQFHV DQG IHDWXUHV









Figure 2.6. S c h e m a t i c 
sketches of (a) an extru-
sion centre (EC) with on-
lap of sediments, and (b) a 
post-sedimentary magmatic 
(PSM) structure with pull up 
of sediments. Thin red lines 
illustrate intrabasement re-
ÀHFWLRQV,5VWKLFNUHGOLQH
is top of magmatic base-
ment. Overlying green, blue 
and black lines indicate in-
dividual sedimentary units.  
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ferring a pre-sedimentary origin of the magmatic structures.
(&VDUHXVXDOO\DVVRFLDWHGZLWKODWHUDOO\FRQWLQXRXVDQGWKLFNODYDÀRZVHTXHQFHVWKDWHPHUJHGLS
away and extend downhill from the local basement highs in opposing directions (Uenzelmann-Neben 
et al.6XFKODYDÀRZVHTXHQFHVDUHLPDJHGLQ0&6UHÀHFWLRQGDWDDVLQWUDEDVHPHQWUHÀHF-
WLRQV,5V)LJXUH7KH\DUHVXJJHVWHGDQGSDUWO\SURYHQWRHLWKHUUHSUHVHQWVXEDHULDOODYDÀRZV
(Frey et al.DOWHUQDWLRQVRIGLIIHUHQWW\SHVRIODYDÀRZV,QRXH et al., 2008), or alterations of 
ODYDÀRZSDFNDJHVZLWKWKLFNVHGLPHQW OD\HUVWKDWDFFXPXODWHGGXULQJWLPHVRIPDJPDWLFUHSRVH
(Sager et al., 2013b). 




(PSM) origin of these structures (Figure 2.6b). For a detailed review of the observed structures and 
WKHHYDOXDWLRQRIDSRVVLEOH/,3RULJLQRIWKH0R]5SOHDVHUHIHUWRFKDSWHU
2.2.4. ,GHQWL¿FDWLRQRISDODHRFHDQFLUFXODWLRQSDWKZD\V




5HEHVFRDQG6WRZ6WRZ et al., 2002). 
$ERWWRPFXUUHQWLVGH¿QHGDVDQ\VHPLSHUPDQHQWZDWHUFXUUHQWWKDWDIIHFWVWKHVHDÀRRUE\UHVXV-
SHQGLQJ WUDQVSRUWLQJRUFRQWUROOLQJ WKHGHSRVLWLRQRIVHGLPHQWV 5HEHVFR et al.6WRZDQG
)DXJqUHV'ULIWVFDQEHXVHGWRUHFRQVWUXFWFLUFXODWLRQSDWKZD\VRIERWWRPZDWHUGXULQJGHS-
RVLWLRQRIWKHLQGLYLGXDOVWUXFWXUHVDQGDUHFODVVL¿HGDVHLWKHUVKHHWHGRUPRXQGHGGULIWV0RXQGHG
drifts are further divided into a number of drift types (giant elongated drifts, channel related drifts, 
Moat Moat
in between high reliefs
Moat
steep slope








  (downstream of the 
  current flow)




  (downstream of the
  current flow)
- upslope migration
- predominant down-
  current migration




























































Figure 2.7. &KDUDFWHULVLWFV DQG VFKHPDWLF VNHWFKHV RI WKUHH RI WKH ¿YH GLIIHUHQWPRXQGHG GULIW W\SHV QRW
illustrated are detached drifts and channel-related drifts). Brown structures = substrata (e.g., basement), green 














6WRZ et al., 2002). Drifts often form a part of a Contourite Depositional System, which is an 
association of several drifts and erosional structures (e.g., moats) where occurrence of the erosional 
structures usually correspond to the location of the palaeo current core (Hernández-Molina et al., 





- well defined moat, steepening from west to east
- flow restriction towards the left: slope erosion
- contourite developed to the right of the current
- migration towards the slope (to the left)



















WKHULJKWVLGHRIWKHÀRZZKHUHWKHFXUUHQWYHORFLW\LVORZHU0RGL¿HGDIWHU)DXJqUHV et al., 1999.
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PhD project. Each summary includes an overview of the contributions of the individual authors. The 
SXEOLFDWLRQVFDQEHIRXQGLQWKHVXEVHTXHQWFKDSWHUVDQGRIWKLVWKHVLV7KHGDWDVHWXVHG
and the applied processing steps and methods have been explained in chapter 2. If not, they are 
explained in the individual manuscripts.
3.1. The Mozambique Ridge: a document of massive multistage magmatism
Fischer, M.D.1, Uenzelmann-Neben, G.1, Jacques, G.2,3:HUQHU52









et al., 1974) and a pre-existing seismic stratigraphy of the southwestern ridge segment (Uenzel-
PDQQ1HEHQHWDO%DVHGRQRXUREVHUYDWLRQVZHSURPRWHD/DUJH,JQHRXV3URYLQFHRULJLQ
of the ridge and present a new model of its initial formation. Furthermore we propose a link between 






FRYHULQJ WKH VWXG\ DUHD 62$:,±$:,62$:,$:,
%DVHGRQWKHLQWHUSUHWDWLRQ,FDOFXODWHGWKHGHSWKVRIWKHWZRVHLVPLFKRUL]RQVDQGWKH
thickness of the sedimentary succession. In addition I picked the extrusion centers and post-sedi-
mentary structures throughout the study area. Furthermore I performed the volumetric calculations 










the petrological work conducted during SO 232 and assisted with the petrological interpretation of the 
data. All authors revised the manuscript and contributed to the discussion.
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3.2. Late Cretaceous onset of current controlled sedimentation in the African–
Southern Ocean gateway
Fischer, M.D., Uenzelmann-Neben, G. 
Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- und Meeresforschung








zelmann-Neben et al., 2011). We tie this onset of drift deposition at the ridge to palaeogeographic 
PRGL¿FDWLRQVLQÀXHQFLQJWKHFXUUHQWSDWKZD\VLQWKH6RXWKHUQ$WODQWLF2FHDQ
,SURFHVVHGYHORFLW\DQDO\VLV102FRUUHFWLRQWLPHPLJUDWLRQ¿OWHULQJWKH0&6SUR¿OHVUHFRUG-
ed during SO 232 (AWI-20140201–AWI-20140222). I used my seismic stratigraphic model (Fischer 
HWDOWRWUDFHDQGSLFNWKHWRSEDVHPHQWUHÀHFWRUWKHWRSUHÀHFWRURIWKH(DUO\&UHWDFHRXV
VHLVPLFXQLWDQGWKHWRSUHÀHFWRURIWKH/DWH&UHWDFHRXVVHLVPLFXQLWWKURXJKRXWWKH0&6SUR¿OHV
FRYHULQJ WKH VWXG\ DUHD 62$:,±$:,62$:,$:,
 ,FDOFXODWHGWKHGHSWKVRIWKHVHLVPLFKRUL]RQVDQGWKHWKLFNQHVVHVRIWKHWZR&UHWD-
ceous sedimentary units. I interpreted the Cretaceous sedimentary units in terms of sedimentary and 
erosional structures, and used the locations and characteristics of these structures and depocentres 
for development of a Cretaceous circulation model in the African–Southern Ocean gateway. I pre-
SDUHGDOOWKH¿JXUHVDQGZURWHWKHPDQXVFULSW
G. Uenzelmann-Neben conducted the pre-processing (geometry and CDP sorting) of the 24 MCS 
SUR¿OHV62DQG62DQGSURFHVVHGWKH0&6SUR¿OH$:,,QDGGLWLRQ*8HQ]HO-
mann-Neben supervised my work, provided helpful comments during the preparation of the manu-
VFULSWDQGUHYLVHGWKHPDQXVFULSW36FKOWHUSURFHVVHGWKH0&6SUR¿OH$:,62
3.3. 1HRJHQHPRGL¿FDWLRQVRIFLUFXODWLRQLQWKH$IULFDQ±6RXWKHUQ2FHDQJDWHZD\
Fischer, M.D., Uenzelmann-Neben, G. 
Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- und Meeresforschung
8QGHUUHYLHZDW'HHS6HD5HVHDUFK3DUW,VLQFH$SULO6XEPLWWHGLQ$SULO
In this publication (see chapter 6), we focus on the reconstruction of the mid-Miocene to Holocene 
SDODHRFHDQFLUFXODWLRQLQWKH$IULFDQ±6RXWKHUQ2FHDQJDWHZD\:HSUHVHQWDUH¿QHGVHLVPLFVWUDWL-
JUDSKLFPRGHOIRUWKH/DWH&HQR]RLFXQLW)LVFKHUHWDOWKDWFRUUHODWHVGLVWLQFWGLIIHUHQFHVLQ
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gateway (Gourlan et al., 2008) were the likely causes of inception of the modern circulation scheme 








and developed a model of the late Cenozoic circulation in the African–Southern Ocean gateway.  I 
SUHSDUHGDOOWKH¿JXUHVDQGZURWHWKHPDQXVFULSW
G. Uenzelmann-Neben conducted the pre-processing (geometry and CDP sorting) of the 24 MCS 
SUR¿OHVUHFRUGHGGXULQJ62DQG62DQGSURFHVVHGWKH0&6SUR¿OH$:,62
182). Furthermore G. Uenzelmann-Neben supervised my work, provided helpful comments during 
the preparation of the manuscript and revised the manuscript. P. Schlüter processed the MCS pro-
¿OHV$:,62
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Abstract
7KH0R]DPELTXH5LGJHDSURPLQHQWEDVHPHQWKLJKLQWKHVRXWKZHVWHUQ,QGLDQ2FHDQFRQVLVWVRI
four major geomorphological segments associated with numerous phases of volcanic activity in the 
/RZHU&UHWDFHRXV7KHQDWXUHDQGRULJLQRIWKH0R]DPELTXH5LGJHKDYHEHHQLQWHQVHO\GHEDWHG
ZLWKRQHK\SRWKHVLVVXJJHVWLQJD/DUJH,JQHRXV3URYLQFHRULJLQ+LJKUHVROXWLRQVHLVPLFUHÀHFWLRQ
data reveal a large number of extrusion centres with a random distribution throughout the south-
HUQ0R]DPELTXH5LGJHDQGWKHQHDUE\7UDQVNHL5LVH,QWUDEDVHPHQWUHÀHFWLRQVHPHUJHIURPWKH
H[WUXVLRQ FHQWUHVDQGDUH LQWHUSUHWHG WR UHSUHVHQWPDVVLYH ODYD ÀRZVHTXHQFHV6XFK ODYD ÀRZ
VHTXHQFHVDUHFKDUDFWHULVWLFRIHUXSWLRQVOHDGLQJWRWKHIRUPDWLRQRIFRQWLQHQWDODQGRFHDQLFÀRRG
EDVDOWSURYLQFHVKHQFHVXSSRUWLQJD/DUJH,JQHRXV3URYLQFHRULJLQRIWKH0R]DPELTXH5LGJH:H
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4.1. Introduction
)RUVHYHUDOGHFDGHV/DUJH,JQHRXV3URYLQFHV/,3VKDYHEHHQRIJUHDWLQWHUHVWEHFDXVHRIWKHLU
immense sizes and potential far-reaching impact on biosphere and atmosphere leading to climate 
shifts and mass extinctions (Wignall, 2001), their role in plate motion by thickening of oceanic crust 
(Miura et al., 2004), and their association with continental breakup and supercontinent cycles (Bryan 
DQG(UQVW%U\DQDQG)HUUDUL7KHWHUP/,3ZDVLQLWLDOO\SURSRVHGE\&RI¿QDQG(OGKROP
DQGLVXVHGIRUODUJH![6 km2) marine and terrestrial areas overprinted by massive 
YROFDQLFDFWLYLW\%U\DQDQG(UQVW&RI¿QDQG(OGKROP.HUU(SLVRGHVRIH[FHV-
VLYHPDJPDWLVPKDYHUHSHDWHGO\IRUPHG/,3VRQ(DUWKE\HUXSWLRQVIURPDV\VWHPRI¿VVXUHVRU
vents (Uenzelmann-Neben, 2013). Three proposed models to explain these massive outpourings of 











































































































































































et al.8HQ]HOPDQQ1HEHQ et al., 2011):KLWHQXPEHUVGHSLFWWKHVHJPHQWVRIWKH0R]DPELTXH5LGJH
 QRUWKHUQ0R]DPELTXH5LGJH FHQWUDO0R]DPELTXH5LGJH VRXWKZHVWHUQ0R]DPELTXH5LGJH 
VRXWKHDVWHUQ0R]DPELTXH5LGJH5HGEDUVEODFNRXWOLQHLQGLFDWHWKHORFDWLRQVDQGODWHUDOH[WHQWRISUHVHQWHG
VHLVPLFGDWD:KLWHRXWOLQHVDUHXVHGLIWKHUHVSHFWLYH¿JXUHVUHSUHVHQWDQH[WUDFWRIVKRZQVHLVPLFGDWD7KH
inset shows the location of the study area off South Africa (red rectangle) and the major rift features of the East 
$IULFDQ5LIW6\VWHPDIWHU7LNNXet al&KRURZLF]0DFJUHJRU
21
GEOLOGICAL AND TECTONIC BACKGROUND
Eldholm, 1994). In the Indian Ocean emplacement of several structures such as the Kerguelen Pla-
teau (Frey et al., 2000) and the Agulhas Plateau (Parsiegla et al., 2008) are associated with massive 
YROFDQLFHYHQWVDQGFODVVL¿HGDV/,3V
7KH0R]DPELTXH5LGJH0R]5LVORFDWHGLQWKHVRXWKZHVWHUQ,QGLDQ2FHDQ)LJXUHDQDUHD
where Gondwana breakup between Africa, South America and Antarctica occurred during the Cre-
WDFHRXV7KHDUHDOH[WHQWa[ km2) of the elongated aseismic ridge is nearly twice the size of 
,FHODQG7KH0R]5LVOLPLWHGWRWKHHDVWE\DQDEUXSWPRUHWKDQPGHHSVWHSGRZQLQWRWKH
Mozambique Basin (dashed line in Figure 4.1), which owes its existence to the NNE-SSW striking 
Andrew Bain fracture zone (Ben-Avraham et al.6FODWHU et al.7RWKHQRUWKWKH0R]5LV





Q0R]5ZKHUHPRIWKROHLLWLFEDVDOWZDVUHFRYHUHG6LPSVRQ et al., 1974).
$XWKRUVKDYHSURSRVHGVHYHUDOK\SRWKHVHVDERXWWKHQDWXUHDQGRULJLQRIWKH0R]5UDQJLQJIURP
a continental provenance (Tucholke et al.5DLOODUG0RXJHQRW et al.+DUWQDG\ et 
al.WRDQRFHDQLFRULJLQ+DOHVDQG1DWLRQ.|QLJDQG-RNDWWREHLQJSDUWLWLRQHG
into continental and oceanic parts (Ben-Avraham et al.6HLVPLFUHIUDFWLRQDQGUHÀHFWLRQGDWD
FROOHFWHGDFURVV WKHVZ0R]5DUH LQWHUSUHWHGDVVWURQJHYLGHQFH IRUDQRFHDQLF/,3RULJLQRI WKH
VRXWKHUQ0R]5SDUDOOHOWRWKHSXUSOHOLQHLQ)LJXUH*RKO et al.$/,3RULJLQRIWKHZKROH
0R]5FRXOGKDYHKDGDQLPPHQVHLQÀXHQFHRQFOLPDWHGXULQJWKH(DUO\&UHWDFHRXVZLWKWKHHPLV-
sion of gases and heat into atmosphere and ocean and in addition implications on the development 
of the South African gateway with the formation of obstacles for surface and deep circulation. 
7KHPDLQREMHFWLYHRIWKLVSDSHULVWRUHVROYHWKHVWUXFWXUHDQGHYROXWLRQRIWKH0R]5E\IRFXVLQJRQ
WKHTXHVWLRQVRIIRUPDWLRQDQGPDJPDWLVPXVLQJVHLVPLFUHÀHFWLRQGDWD7KLVZLOOSURYLGHSDUDPH-
ters required for future studies about the reconstruction of the paleo-ocean current circulation and its 
implications for climate.
4.2. Geological and tectonic background
7KHRULJLQRIWKH0R]5LVVWLOOXQFOHDU,QJHQHUDOWKUHHWRWDOO\GLIIHUHQWWKHRULHVKDYHEHHQSURSRVHG
to explain its development history. Tucholke et al. (1981) suggested a continental provenance of the 
0R]5EDVHGRQDFRPSDULVRQRIGVHLVPLFUHIUDFWLRQGDWDIURP+DOHVDQG1DWLRQDQG&KHWW\
and Green (1977) with seismic refraction data from the Agulhas Plateau that was interpreted to be a 
FRQWLQHQWDOIUDJPHQWRI6RXWK$IULFD'UHGJHVDPSOHVSUHVHQWHGE\5DLOODUG0RXJHQRW et al. 
(1991), and Hartnady et al.VXSSRUWHGDFRQWLQHQWDORULJLQRIWKH0R]5%HQ$YUDKDP et al. 
IDYRXUHGDSDUWLWLRQLQJRIWKH0R]5LQWRDQRUWKHUQRFHDQLFDQGDVRXWKHUQFRQWLQHQWDOSDUW
7KH\VXJJHVWHGDPLFURFRQWLQHQWDO IUDJPHQWHPEHGGHG LQWRRFHDQLFFUXVWDW WKHVRXWKHUQ0R]5
EDVHGRQ ORZUHVROXWLRQ VHLVPLF UHIUDFWLRQGDWDRI+DOHVDQG1DWLRQ  DQG5DLOODUG 
JUDYLW\GDWD'RXFRXUpDQG%HUJK/\DNKRYVN\ et al.DQGURFNVDPSOHV5DLOODUG
Mougenot et al.+DUWQDG\ et al.%HQ$YUDKDP et al.
Based on the interpretation of gravity anomaly data and a recent magnetic survey, König and Jokat 
(2010) contradicted this model by excluding the presence of large continental blocks throughout the 
0R]5$FFRUGLQJWRWKHLUREVHUYDWLRQVKLJKDPSOLWXGHPDJQHWLFDQRPDOLHVDWWKHPDMRUVWUXFWXUDO
boundaries suggest that the different segments of the ridge were formed at different times. They 
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al. (1974), and Thompson et al. (1982), who dated the basaltic basement at Site 249 (location see 
Figure 4.1) as Early Cretaceous, support the postulated timeframe of emplacement. 
$PRUH WKDQNP WKLFNFUXVWZDV LGHQWL¿HG IRU WKH0R]5GXULQJD'VHLVPLF UHIUDFWLRQVWXG\
+DOHVDQG1DWLRQ&KHWW\DQG*UHHQ&KHWW\DQG*UHHQFRQFOXGHG WKDW WKH
over-thickened crust lacks characteristic velocities of the continental basement and therefore a base-
ment of continental crust was not strongly supported. The interpretation of 2-D seismic refraction 
GDWDVKRZHG WKDW WKH0R]5 LVFKDUDFWHUL]HGE\RYHUWKLFNHQHG ±NPVHLVPLFDOO\KRPRJH-
neous, lower crustal units making up between half to two-thirds of the crustal column with P-wave 
velocities of more than 7.0 km s-1 (Gohl et al., 2011). According to them these velocities suggest 
that large volumes of mantle-derived material accreted in the lower crust and indicate a formation of 
0R]5DQG$JXOKDV3ODWHDXDWWKHVDPHPDJPDWLFSURYLQFH*RKODQG8HQ]HOPDQQ1HEHQ
Parsiegla et al., 2008). As a consequence of their studies Gohl et al.SURSRVHGD/,3RULJLQRI
WKH0R]5DQGVSHFXODWHGRQWKHH[LVWHQFHRID6RXWKHDVW$IULFDQ/,3FRQVLVWLQJRIWKH0R]5WKH
Agulhas Plateau and other fragments. Preliminary petrological-geochemical results of the basaltic 
URFNVDPSOHVGUHGJHGGXULQJ62IDYRXUDGHHSSOXPHVRXUFHDQGVXSSRUWD/,3RULJLQRIWKH
0R]58HQ]HOPDQQ1HEHQ-DFTXHV et al.









pulse (Generator) with a volume of 0.72 litres, which is followed by a delayed (33 ms) secondary sig-






needed, the interval for the velocity analysis was decreased (e.g., for complex, small scale features). 
Stacking was carried out using a mean iterative algorithm together with spherical divergence cor-
UHFWLRQDQGZDVIROORZHGE\DQ2PHJD;¿QLWHGLIIHUHQFHPLJUDWLRQ<LOPD]7KLVPLJUDWLRQ
PHWKRG LV YHU\ XVHIXO IRU WKH LPDJLQJ RI VWURQJO\ LQFOLQHG UHÀHFWRUV DV FDXVHG E\ IRU H[DPSOH










no radiometric age dating was possible, but major and trace element analysis showed compositional 
VLPLODULWLHVZLWKPLGRFHDQULGJHWKROHLLWHV(UODQNDQG5HLG%DVHGRQWKHDJHRIWKHRYHUO\LQJ
sediments, Simpson et al. (1974) inferred an Early Neocomian age of the tholeiitic basalt. 
7KUHHOLWKRORJLFDOXQLWVZHUHLGHQWL¿HGE\PHDQVRI OLWKRORJLFDODQGELRVWUDWLJUDSKLFFKDUDFWHULVWLFV













































is shown in Figure 4.1. For a detailed description of the units refer to chapter 4.4.1 and Table 4.1. Thick blue line 
 VHDÀRRUWKLQ\HOORZOLQHV GLVFRQWLQXLWLHVZLWKLQVXEXQLW6EWKH\HOORZVKDGHGDUHD VXEXQLW6DWKLFN
JUHHQOLQH WRSRIXQLW6WKLFNUHGOLQH WRSRIEDVHPHQWWKLQUHGOLQHV LQWUDEDVHPHQWUHÀHFWLRQVEODFN
lines = faults. PSM = post-sedimentary magmatic structure. For slope angles and vertical exaggeration refer to 
the legend.
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(Simpson et al., 1974). Those units are separated by two prominent hiatuses: a Campanian to Cen-
RPDQLDQ XQFRQIRUPLW\ PEVI UHSUHVHQWLQJ a0\U DQG D0LGGOH0LRFHQH WR0DDVWULFKWLDQ
XQFRQIRUPLW\ PEVI UHSUHVHQWLQJa0\U6HGLPHQWDWLRQUDWHVRIP0\U-1 and 20 m Myr-1 
ZHUHGHWHUPLQHGIRUWKH1HRFRPLDQWR(DUO\&HQRPDQLDQDQGWKH/DWH&DPSDQLDQWR0DDVWULFKWLDQ
respectively, and a sedimentation rate of about 19 m Myr-1 was calculated for the Miocene (Simpson 
et al., 1974). 
1RGLUHFWFRUUHODWLRQRIWKH'6'3GDWDWRRXUVHLVPLFUHÀHFWLRQGDWDZDVSRVVLEOHVLQFHRXUSUR¿OHV
GLGQRWFURVV6LWHORFDWHGRQWKHQ0R]5)LJXUH1RQHWKHOHVVWKHGULOOLQJUHVXOWVSURYLGH
general information on the nature of unconformities observed in the sedimentary column and, in the 






frequency, amplitude and continuity) the seismic units were correlated with the lithological results of 
'6'3/HJ6LWH6LPSVRQ et al.DQGWKHVHLVPLFXQLWVGH¿QHGE\8HQ]HOPDQQ1HEHQ 
et al.WRREWDLQDWLPHIUDPHIRUWKHLUGHSRVLWLRQ)RUWKHORFDWLRQRIWKH0&6SUR¿OHXVHGE\
Uenzelmann-Neben et al.SOHDVHUHIHUWR)LJXUHSXUSOHOLQHFURVVLQJWKHVZ0R]5:H
present an overview of the seismic units and the correlations in Figure 4.2 and Table 4.1.
4.4.1.1. Basement
7KHORZHUPRVWXQLWVKRZVKLJKDPSOLWXGHORZIUHTXHQF\UHÀHFWLRQVHJ)LJXUH&'3V±
 ,QWUDEDVHPHQW UHÀHFWLRQV FDQ EH GHHS UHDFKLQJ HJ XS WR PV7:7 LQ )LJXUH 
&'3V±7KHLQWUDEDVHPHQWUHÀHFWLRQVDUHVWURQJHVWDQGDSSHDUPRVWFRQWLQXRXVQHDU
the top of the unit and become increasingly weaker and less continuous with depth due to scattering 
DQGDWWHQXDWLRQRIWKHVHLVPLFVLJQDO,QGLYLGXDOUHÀHFWLRQVFDQW\SLFDOO\EHWUDFHGIRU±NP7KH
LQWUDEDVHPHQWUHÀHFWLRQVGLSDZD\IURPORFDOKLJKVDQGIRUPVXESDUDOOHOVHTXHQFHVWKDWLQSODFHV
overlap (e.g., Figure 4.3 CDPs 4000–4200 and Figure 4.4 CDPs 1800–2200). The unit’s top (red 
KRUL]RQLQDOOVKRZQ0&6SUR¿OHVLVGH¿QHGE\DVWURQJLPSHGDQFHFRQWUDVWZLWKDVXGGHQYHORFLW\
increase to its overlying unit, appears rugged and hummocky, and shows a wide range in observed 
GHSWKV)LJXUHD
2XUREVHUYDWLRQVPDWFKWKRVHGHVFULEHGIRUWKHPDJPDWLFEDVHPHQWRIWKH0R]5E\6LPSVRQ et al. 
(1974) and Uenzelmann-Neben et al. (2011), we thus interpret this unit as magmatic basement. Sev-
HUDOIDXOWVGLVUXSWWKHWRSEDVHPHQWUHÀHFWLRQHJ)LJXUH&'3V±DQGEDVHPHQW
peaks piercing the sedimentary column appear locally (e.g., Figure 4.2 CDPs 9300–9900). 
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Figure 4.3. 0&6SUR¿OH$:,FURVVLQJWKHFHQWUDO0R]DPELTXH5LGJHLQD1:±6(GLUHFWLRQ/RFD-
WLRQRISUR¿OHLVVKRZQLQ)LJXUH'DVKHGIUDPHLQGLFDWHVORFDWLRQRI)LJXUH7KLFNEOXHOLQH VHDÀRRU
WKLFNUHGOLQH WRSRIEDVHPHQWWKLQUHGOLQHV LQWUDEDVHPHQWUHÀHFWLRQVEODFNOLQHV IDXOWVJUHHQDUURZV 
extrusion centres (ECs), purple arrows = post-sedimentary magmatism (PSM). BC1 = Basement complex 1, 
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Figure 4.4. 0&6SUR¿OH$:,FURVVLQJWKHFHQWUDO0R]DPELTXH5LGJHLQD1(±6:GLUHFWLRQ/LQH
and arrow colours as in Figure 4.3. BC2 = Basement complex 2, BC3 = Basement complex 3. For slope angles 
DQGYHUWLFDOH[DJJHUDWLRQUHIHUWROHJHQG/RFDWLRQRISUR¿OHLVVKRZQLQ)LJXUH





















































Transkei Basin) and towards basement highs, unit S1 thins and in places is missing completely. 
7KHUHÀHFWLRQFKDUDFWHULVWLFVRIRXUXQLW6DUHVLPLODUWRWKHUHÀHFWLRQFKDUDFWHULVWLFVRIOLWKRORJLFDO
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Site 249 (star) and Durban (pentagon). BC1, BC2 and BC3 indicate the location of the basement complexes of 
WKHF0R]5WKHEODFNGDVKHGHOOLSVHVPDUNSURPLQHQWEDVHPHQWKLJKVDQG75VWDQGVIRU7UDQVNHL5LVH(b) 
Isopach map (TWT) of the sedimentary deposits in the study area (200 ms TWT contour lines in black). (c)/R-
FDWLRQVRIH[WUXVLRQFHQWUHVF\DQGRWVZLWKLQWKHVWXG\DUHDRQWRSRIWKHEDVHPHQWGHSWKPDS)LJXUHD
/RFDWLRQRI0&6SUR¿OHVLVVKRZQLQWKLQEODFNOLQHV:KLWHQXPEHUVGHSLFWWKHVHJPHQWVRIWKH0R]DPELTXH
5LGJH QRUWKHUQ0R]DPELTXH5LGJH FHQWUDO0R]DPELTXH5LGJH VRXWKZHVWHUQ0R]DPELTXH5LGJH
 VRXWKHDVWHUQ0R]DPELTXH5LGJH(d) Map of the observed post-sedimentary magmatic features (white dots) 
SORWWHGRQWRSRIWKHEDVHPHQWGHSWKPDS)LJXUHD
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unit IIIA at Site 249 and to those of unit S1 described by Uenzelmann-Neben et al. (2011). Therefore, 
we correlate our seismic unit S1 with lithological unit IIIA of Site 249. The recovered deposits of unit 
IIIA at Site 249 consist of silty claystone and volcanic siltstone of Early Cretaceous (Neocomian to 
(DUO\&HQRPDQLDQDJH7KHXQLW¶VWRSUHÀHFWLRQJUHHQKRUL]RQLQ)LJXUHLVGHVFULEHGE\8HQ-
zelmann-Neben et al.DVZHOODQGLVFRUUHODWHGZLWKWKHa0\UKLDWXV(DUO\&HQRPDQLDQWR
/DWH&DPSDQLDQLGHQWL¿HGDW6LWH6LPSVRQ et al., 1974).
With a thickness of up to 1600 ms TWT (e.g., Figure 4.2 CDPs 10200), seismic unit S2 constitutes 
the largest part of the deposits covering the basement. The top of unit S2 is marked by the light blue 
horizon in Figure 4.2. The unit typically thins towards basement highs (e.g., Figure 4.2 CDPs 8200–
DQGFDQEHGLYLGHGLQWRWZRVXEXQLWV6D	6EEDVHGRQWKHLUUHÀHFWLRQFKDUDFWHULVWLFV,Q
WKHORZHUSDUWRIXQLW6DWKLQPD[PV7:7GLVFRQWLQXRXVPHGLXPWRKLJKDPSOLWXGHUHÀHFWLRQ
band of lower frequency can be observed (Figure 4.2 CDPs 8600–9400). 
7KHUHÀHFWLRQVRQODSRQWRXQLW6DQGZHREVHUYHDVLJQL¿FDQWGLIIHUHQFHLQUHÀHFWLRQDPSOLWXGHDQG
frequency when comparing it to the more transparent nature of the overlying part of unit S2 (shaded 
LQ\HOORZLQ)LJXUH&'3V±DQG±:HGH¿QHWKLVUHÀHFWLRQEDQGDVVXEXQLW





a variable thickness and thins towards the basement highs (Simpson et al., 1974). It is topped by a 
hiatus (Maastrichtian to Middle Miocene) as the result of erosion (Simpson et al., 1974). The seismic 




tions with certainty to the data of Simpson et al. (1974), they interpreted this lower part to represent 
lithostratigraphic unit II.
The majority of seismic unit S2 consists of subunit S2b (thickness up to 1400 ms TWT), which shows 
DPRUHWUDQVSDUHQWQDWXUHFRPSDUHGWRWKHVXEMDFHQWXQLWV)LJXUH&'3V±,WVDPSOL-





tions of subunit S2b represent discontinuities (yellow lines in Figure 4.2) such as erosional truncation 
and onlap termination (e.g., Figure 4.2 CDPs 10000–10400). 
:HFRUUHODWHWKHVLJQL¿FDQWFKDQJHLQUHÀHFWLRQFKDUDFWHULVWLFVEHWZHHQ6DDQG6EWRDGLVWLQFW
change in clay fraction content between lithological unit II (high clay fraction content of up to 60%) 
DQGOLWKRVWUDWLJUDSKLFXQLW,FOD\IUDFWLRQFRQWHQWSHUFHQW/HFODLUH6LPSVRQ et al., 1974). 
Uenzelmann-Neben et al. (2011) correlated the major part of their seismic unit S2 with lithostrati-
graphic unit I. We observe a similar thickness proportion of subunit S2b in relation to subunit S2a as 
Uenzelmann-Neben et al. (2011) described for the lower and upper parts of their seismic unit S2. We 
hence suggest that subunit S2b consists of the pelagic sediment of mid-Miocene to Holocene age of 
lithostratigraphic unit I recovered at Site 249.
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RESULTS
4.4.2. Regional basement structure









We observe only a thin sedimentary cover on top of basement highs (e.g., Figure 4.4 CDPs 3400–











)LJXUHDDQGEC¿JLQ8HQ]HOPDQQ1HEHQ et al., 2011). We observe a thinning of the sedimen-
WDU\FRYHUWRZDUGVEDVHPHQWKLJKVHJEODFNGDVKHGHOOLSVHLQ)LJXUHEDQG)LJXUH&'3V
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±
7KH VZ0R]5 LV QRW DV HOHYDWHG DV WKH F0R]5 EXW VWLOO
ULVHVDERYHWKHDE\VVDOVHDÀRRUEDVHPHQWE\XSWR




and Figure 4.7c. We observe a greater abundance of 
faults and larger fault throws in the southern part of the 
VZ0R]5ZLWKWKHUHVXOWWKDWWKHEDVHPHQWDSSHDUVPRUH
fragmented than in the north. With a depth of up to 800 
ms TWT below the top of basement the maximum depth 
RI WKHREVHUYHG LQWUDEDVHPHQW UHÀHFWLRQV LVFRPSDUDEOH
WR WKH F0R]5 )LJXUH  &'3V ± DQG &'3V





4.4.2.3. Southeastern Mozambique Ridge
,QFRQWUDVWWRWKHF0R]5DQGWKHVZ0R]5WKHVH0R]5
in Figure 4.1) seems to have a smoother and more homo-
JHQHRXVEDVHPHQWWRSRJUDSK\HYHQWKRXJKLW LVGLI¿FXOW
to make a general statement based on the low data cov-
HUDJHRIWKHVH0R]56HLVPLFGDWDVXJJHVWDUDWKHUXQL-
form basement depth in east-west direction and a gentle 
GLSRIEDVHPHQWWRWKHVRXWK)LJXUHDDQG)LJXUH
7KHGHSWK UDQJHVEHWZHHQaPV7:7 LQ WKHQRUWK




general southward dipping trend of top basement (Figure 




bsl and thus lies about 1000 to 2000 ms TWT deeper than 
DWWKHVH0R]5)LJXUHD,QWUDEDVHPHQWUHÀHFWLRQVDW
WKH7UDQVNHL5LVHVKRZDPD[LPXPGHSWKRIPV7:7
below the top of basement. 
4.4.3. Magmatic structures
7KHPDJPDWLF EDVHPHQW RI WKH0R]5DQG WKH7UDQVNHL
5LVHLVFKDUDFWHUL]HGE\SURPLQHQWFRQYH[XSZDUGVKDSHG
Figure 4.7. (a) Extrusion centre with 
ODYD ÀRZ VHTXHQFHV HPHUJLQJ DQG GLS-
SLQJDZD\IURPLW/LQHFRORXUVDVLQ)LJXUH
4.3b and c. (b) and (c) Figures showing the 
area of the valley between the southwest-
HUQ DQG FHQWUDO0R]DPELTXH 5LGJH /LQH




emerging from the central Mozambique 
5LGJH7KHDUURZVUHGDQGEOXHVKRZWKH





































structures (e.g., Figure 4.3 CDPs 2400–2800, Figure 4.4 CDPs 4200–4400), which form local highs. 
7KHVWUXFWXUHVDUHGLVWULEXWHGUDQGRPO\DQGGRQRWVHHPWRIROORZDQ\DSSDUHQWWUHQG)LJXUHF
The lateral extent of these structures can be up to 10 km (e.g., Figure 4.3 CDPs 2400–2800, Figure 
4.6 CDPs 2700–3100, Figure 4.7a). Parallel (e.g., Figure 4.3 CDPs 3400–4200) and subparallel 
HJ)LJXUH&'3V±VHTXHQFHVRILQWUDEDVHPHQWUHÀHFWLRQVHPHUJHGLSDZD\DQG




the Agulhas Plateau (Uenzelmann-Neben et al. 6DJHU et al. E3LHWVFKDQG8HQ]HO-
PDQQ1HEHQZKLFKKDYHEHHQLQWHUSUHWHGDVH[WUXVLRQFHQWUHV(&V6HGLPHQWDU\GHSRVLWV
onlap the ECs indicating pre-sedimentary magmatism (e.g., Figure 4.3 CDPs 3400–4200).
We observe a second type of magmatic structures characterized by a pull up of sedimentary lay-
ers suggesting a predominantly post-sedimentary development (Figure 4.2 CDPs 9300–9900) here 
called post-sedimentary magmatic (PSM) structures. All PSM structures cause deformation up to 
seismic unit S2b, even though not all of them pierce into the mid-Miocene to Holocene deposits. This 
is due to considerable differences in height from less than 100 m to more than 1200 m (using an 
DYHUDJHGVHLVPLFYHORFLW\RIPV-1). The lateral extent of the conical to cylindrical PSM struc-
tures usually ranges from 1 to 4 km (e.g., Figure 4.6 CDPs 1600–1700) thus much smaller than the 
REVHUYHG(&V7KHVWUXFWXUHVDUHPDLQO\FRQFHQWUDWHGRQWKHÀDQNVRIWKHVHJPHQWVZKHUHDVRQO\
DIHZDUHREVHUYHGDGMDFHQWWR(&V)LJXUHG


























































shown in Figure 4.1.
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4.4.4. Faults





with offsets greater than 1000 ms TWT (e.g., Figure 4.3 CDP 4800, Figure 4.6 CDP 2800, Figure 4.8 
&'3
Vertical offsets or breaks in lateral continuities of seismic units, and kinking or bowing of seismic 
UHÀHFWLRQVDUHW\SLFDOH[SUHVVLRQVRIIDXOWV+DMQDOet al6DJHUet al., 2013a). Depending on 
the age of the deformed strata the observed faults can be divided into three groups: (I) faults only 
affecting basement that probably developed during or shortly after emplacement of the basement, (II) 
IDXOWVGLVVHFWLQJEDVHPHQWDQGVHGLPHQWDU\GHSRVLWVRIVHLVPLFXQLW6ZLWKDPLQLPXPDJHRIa
Ma, and (III) faults deforming the whole sedimentary pile including basement and a maximum age of 
a0D7KHODWWHUFDQEHREVHUYHGLQPXOWLEHDPGDWDUHFRUGHGDWWKHVZ0R]5GXULQJ62DV
well and show a predominantly EW to WNW–ESE strike (Uenzelmann-Neben, 2014).
4.5. Discussion
4.5.1. ,QWUDEDVHPHQWUHÀHFWLRQVDQGH[WUXVLRQFHQWUHV
The seismic data show a large number of ECs randomly distributed across the three segments of the 
VRXWKHUQ0R]5)LJXUHF'H¿QLQJFKDUDFWHULVWLFVRIWKHFRQYH[XSZDUGVKDSHG(&VDUHXSWR
NPORQJSDUDOOHODQGVXESDUDOOHOVHTXHQFHVRILQWUDEDVHPHQWUHÀHFWLRQVGLYHUJLQJIURPWKHLUVXP-




geometries and amplitude characteristics have been reported for other locations around the world 
HJ6KDWVN\5LVH$JXOKDV3ODWHDX.HUJXHOHQ3ODWHDX0DQLKLNL3ODWHDX
'HHSLQWUDEDVHPHQWUHÀHFWLRQVDUHFKDUDFWHULVWLFIRURFHDQLFSODWHDXHUXSWLRQV6DJHU et al., 2013b) 
DQGKDYHEHHQLQWHUSUHWHGDQGLQSDUWVSURYHQYLDGULOOLQJDVODYDÀRZVHTXHQFHV8HQ]HOPDQQ1HEHQ 
et al.)UH\ et al.,QRXH et al.3DUVLHJOD et al.6DJHU et al.E3LHWVFK
DQG8HQ]HOPDQQ1HEHQ:HKHQFHLQWHUSUHWWKHREVHUYHGLQWUDEDVHPHQWUHÀHFWLRQVDWWKH
0R]5WRUHSUHVHQWODYDÀRZVHTXHQFHV7KLVLQWHUSUHWDWLRQLVEDFNHGE\DULVHLQLQWHUYDOYHORFLW\
from less than 2600 m s-1ZLWKLQVHLVPLFXQLWV6DQG6WRYDOXHVRIWRPV-1 below the 
top of basement derived from velocity analyses of CDP gathers and the P-wave velocity-depth distri-




built up by large volumes of mantle-derived magma (Gohl et al., 2011). This type of crust implies that 
either eruptive phases were long lasting or eruption rates were high. The postulated short time frame 
RIRQO\a0\UGXULQJZKLFKHPSODFHPHQWRIWKHVRXWKHUQ0R]5WRRNSODFH.|QLJDQG-RNDW
VXSSRUWVKLJKHUXSWLRQUDWHVDVWKHSULPDU\FDXVHIRUWKHWKLFNODYDÀRZGHSRVLWV




We therefore propose that the observed low slopes and thick successions of lava sequences (e.g., 
)LJXUHZHUHFDXVHGE\KLJKHUXSWLRQUDWHVGXULQJHPSODFHPHQWRIWKHVRXWKHUQ0R]5DQGWKXV
IDYRXUD/,3RULJLQRIWKH0R]5




1400–2200), points towards several eruptive phases during emplacement. 
/,3VDUHSURSRVHGWREHFRQVWUXFWHGRIHUXSWLRQVIURPPXOWLSOHORFDWLRQV-HUUDPDQG:LGGRZVRQ
%U\DQ et al.7KHREVHUYDWLRQRIRQODSV )LJXUHEDQGFRI ODYDÀRZVHTXHQFHV
HPSODFHGDW WKHF0R]5RQWR ODYDÀRZVHTXHQFHVHPHUJHG IURPWKHVZ0R]5DUH LQWHUSUHWHGDV
evidence for an asynchronous emplacement of both segments: while magmatic output ceased at the 
VZ0R]5ODYDÀRZVHTXHQFHVZHUHVWLOOEHLQJHPSODFHGDWWKHF0R]56WURQJPDJQHWLFDQRPDOLHV
associated with the boundaries of the individual segments interpreted as evidence for formation of 
the segments at different ages (König and Jokat, 2010), which agrees well with our observations. 
:HWKHUHIRUHVXJJHVWWKDWWKHWKLFNSLOHRIODYDÀRZVHTXHQFHVIRUPLQJWKHVRXWKHUQ0R]5ZHUHHP-
placed during several eruptions via the randomly distributed ECs and favour sequential development 
RIWKHVRXWKHUQ0R]5ZLWKWKH\RXQJHVWVHJPHQWORFDWHGLQWKHVRXWKHDVW
4.5.2. Post-sedimentary magmatism at the Mozambique Ridge
Magmatic structures of proposed post-sedimentary magmatic (PSM) origin (deformation of above ly-
LQJVHGLPHQWDU\VHTXHQFHVZLWKDSXOOXSDWWKHVWUXFWXUH¶VÀDQNVHJ)LJXUH&'3V±
LQSODFHVSLHUFLQJRIWKHVHDÀRRUHJ)LJXUH&'3V±FDQEHLGHQWL¿HGRQWKH0R]5
:LWK WKHLU VPDOO GLDPHWHUV DQG VWHHS ÀDQNV WKH360 VWUXFWXUHV UHVHPEOH SLHUFHPHQW VWUXFWXUHV
DVGHVFULEHGIRUWKH.HUJXHOHQ3ODWHDXDQGLQWHUSUHWHGDVVXEYROFDQLFLQWUXVLYHVE\5DPVD\ et al. 
(1986). Some of the PSM structures seem to coincide with the faults that deform a large proportion 
RIWKHXSWR0\UROGVHLVPLFXQLW6EHJ)LJXUH&'3V±
The majority of PSM features are concentrated within the transition zone of the segments to the 
VXUURXQGLQJEDVLQV)LJXUHGDQGHJ)LJXUH&'3V±ZLWKDGLVWLQFWLQFUHDVHLQ
abundance of PSM structures in the southwestern and northwestern part of the study area (Figure 
G$OOREVHUYHG360VWUXFWXUHVOHGWRGHIRUPDWLRQRISDUWVRIWKHRYHUO\LQJVHLVPLFXQLW6E7KLV
points to the onset of PSM activity after deposition of seismic unit S2b had already begun, thus after 
0D7KLVDJHFRUUHVSRQGVWRWKHSUREDEOHRQVHWRIIDXOWLQJDVVRFLDWHGZLWKWKHEUHDNVLQODWHUDO
FRQWLQXLW\ZKLFKLQSODFHVDIIHFWVHLVPLFXQLW6EXSWRVHDÀRRUHJ)LJXUH&'3)DXOWLQJ





Kampunzu et al.&DODLV et al., 2006). Parts of the onshore Western rift branch terminate in the 





strong dissent about whether there exists an offshore extension of the Western branch (Mougenot 
et al.+DUWQDG\ et al..DPSXQ]X et al.6WDPSV et al.6DULD et al.
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Wiles et al.)UDQNH et al..OLPNH et al.+DUWQDG\ et al. (1992) and Ben-Avraham 
et al.UHODWHGQHRWHFWRQLFDFWLYLW\LQWKHYLFLQLW\RIWKH0R]5WRDSURSDJDWLRQRIWKH:HVWHUQ
EUDQFKRIWKH($56LQWRWKH1DWDO9DOOH\7LNNX et al. (2002) supported a seaward extension of the 
:HVWHUQEUDQFKRIWKH($56LQWRWKHQRUWKHDVWHUQ1DWDO9DOOH\RQWKHEDVLVRIIUHHDLUJUDYLW\ORZV
interpreted as neotectonic faults. A seaward propagation was recently revisited by Wiles et al. (2014) 
DVDSUREDEOHFDXVHIRUXSWRNPORQJDQGNPZLGHVHDÀRRUPRXQGVREVHUYHGQRUWKZHVWRI
WKH0R]52WKHUDXWKRUVSURSRVHGWKDWWKHZHVWHUQERXQGDU\RIWKH/ZDQGOHPLFURSODWHWUDFHVDORQJ
WKHHDVWHUQERUGHURIWKH0R]56WDPSV et al.6DULD et al.6WDPSV et al., 2014), thus 
presenting another probable connection of neotectonic activity to a southward propagation of the 
($56LQWKHYLFLQLW\RIWKH0R]5



















WKHVZ0R]5E\*RKOet al. (2011) shown in Figure 4.10. The inset in the upper left corner shows the basis for 



















































could represent such a rheological contrast and thus re-
directed the tectonic stress towards zones of structural 
weakness where it created pathways for igneous materi-
DO7KHWKLQQHUSDUWVRIWKH0R]5DVZHOODVWKHWUDQVLWLRQ
into oceanic crust represents an ideal location for those 
areas of weakness.
4.5.3. Magmatic volume of the southern Mozam-
bique Ridge and implications for its emplace-
ment history
:HKDYHVHHQWKDWWKHPDJPDWLFEDVHPHQWRIWKH0R]5
is characterized by a large number of extrusions cen-
WUHV (&7KLV LQ FRPELQDWLRQZLWK WKLFN ODYD ÀRZ VH-





SO 232 and preliminary geochemical results in favour 
RIDSOXPHFRPSRQHQWLQWKHVRXUFHRI0R]5YROFDQLVP
also support this interpretation (Uenzelmann-Neben, 
-DFTXHV et al.7KHSUHVHQFHRIDQXSWR
22 km thick over-thickened equivalent of oceanic layer 
3 (Gohl et al., 2011) and the suggested emplacement 
RI WKH0R]5ZLWKLQ D UHODWLYHO\ VKRUW WLPHVSDQ RI a
Myr (König and Jokat, 2010) add to our interpretation 
RIWKHVRXWKHUQ0R]5DVD/,3%U\DQDQG(UQVW
Kerr, 2014). The duration of magmatic activity as well 
as the volume of magmatic material emplaced are fur-
ther important parameters, which will be studied in the 
following. 
4.5.3.1. Volume of magmatism at the southern Mo-
zambique Ridge
The excess crustal volume acts as an important meas-
urement for quantifying the amount of magmatic mate-
ULDOLQYROYHGLQD/,3IRUPDWLRQ,QRUGHUWRFDOFXODWHWKH
YROXPHRIPDJPDWLVPRIWKH0R]5SDUDPHWHUVOLNHWKH
crustal thickness, the areal extent and the thickness of 
the surrounding oceanic crust are needed. 
In order to calculate the total areal extent of the south-
HUQ0R]5DQGDFFRXQW IRU WKHFUXVWDO WKLQQLQJRI/,3V
at their marginal areas we constructed an inner and an 
outer zone for each segment (Figure 4.9). The outlines 
RIWKHRXWHU]RQHVZHUHDVVLJQHGWRWKHPEDWK\P-
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DQRPDOLHV6DQGZHOODQG6PLWKDVVRFLDWHGZLWKWKHPDJPDWLFEDVHPHQWRIWKH0R]5)LJXUH
4.9). The outlines of the inner zones were constructed based on the observation of distinct variations 
in gradient (Χ) of basement depth at each segment. Whereas the outer zones display a high Χ, the 
inner zones demonstrate only a low Χ(inset in Figure 4.9). To construct closed inner zones in areas 
where no information about basement depth (and thus Χ) is available, we linked the boundaries 
WR WKHLU FRUUHVSRQGLQJEDWK\PHWULFGHSWK FRQWRXUV7KH LQQHU ]RQHVRI WKHF0R]5 VZ0R]5DQG
VH0R]5ZHUHWKHUHIRUHFRQVWUXFWHGZLWKLQWKHFORVHGDQGPGHSWKFRQWRXU)LJXUH
4.9).




in the inner and outer zones of the crustal velocity-depth model (Gohl et al., 2011) and averaged for 
the inner (hatched in red in Figure 4.10) and outer zone (hatched in green in Figure 4.10). This leads 
WRDQDYHUDJHWKLFNQHVVRINPIRUOZDQGNPIRUIZ, and a total crustal volume for the 
VZ0R]5RI[6 km3 (Table 4.2). 
2QO\'FUXVWDO WKLFNQHVVHVWLPDWHVRI ORZ UHVROXWLRQH[LVW IRU WKHF0R]5DQG WKHVH0R]5$V-
suming Airy type isostatic equilibrium between the ridge and the adjacent oceanic basins (Hales 
DQG1DWLRQ5HFTDQG*RVOLQ0DLD et al., 1990) we used the Airy-Heiskanen model to 
GHWHUPLQHWKHFUXVWDOWKLFNQHVVRIWKHF0R]5DQGWKHVH0R]5$NPWKLFNRFHDQLFFUXVW5H]QLNRY 
et al.DQGDQDYHUDJHEDVHPHQWGHSWKRINPZLWKLQWKHDGMDFHQWRFHDQLFEDVLQ6FKOWHU
and Uenzelmann-Neben, 2007) were used as reference values together with a water density of 1000 
kg m-3 and a mantle density of 3300 kg m-37KHGHQVLW\RIWKHFUXVWDWWKH0R]5ZDVFDOFXODWHGWR
be 2944 kg m-3 based on the PZDYHYHORFLW\GHSWKPRGHORIWKHVZ0R]5*RKO et al., 2011) and the 
empirical density-velocity relation of Barton (1986).
This led to an average crustal thickness of 23.68 and 21.76 km for the inner and outer zones of the 
F0R]5DQGDQGNPIRUWKHLQQHUDQGRXWHU]RQHVRIWKHVH0R]5UHVSHFWLYHO\7DEOH
7KHFUXVWDOYROXPHRIWKHF0R]5LVWKXVHVWLPDWHGWREH[6 km3DQGRIWKHVH0R]5
0.44 x 106 km3 (Table 4.2). The sum of the crustal volumes of the three segments is 3.10 x 106 km3 
including extrusive and subvolcanic (upper crustal) intrusive volumes, and middle and lower crustal 
Figure 4.10. 6LPSOL¿HGP-wave velocity depth model (after Gohl et al., 2011) that was used to determine the 
DYHUDJHWKLFNQHVVRIWKHLQQHU]RQHL]GDVKHGLQUHGDQGWKHRXWHU]RQHR]GDVKHGLQJUHHQRIWKHVRXWK-
ZHVWHUQ0R]DPELTXH5LGJH +RUL]RQWDOGDVKHG OLQHV UHSUHVHQWEDWK\PHWULFGHSWKFRQWRXUV cf. Figure 4.9) 
XVHGIRUFRQVWUXFWLRQRIWKHLQQHU]RQHPLQUHGDQGWKHRXWHU]RQHPLQJUHHQ7KLFNQHVVZDV
PHDVXUHGHYHU\NPZLWKLQWKH]RQHV<HOORZYHUWLFDOOLQHVZHUHXVHGWRFDOFXODWHWKHDYHUDJHWKLFNQHVVRIWKH
extruded upper crust (layer 1), red vertical lines (incl. associated yellow vertical lines) for calculating the average 
thickness of the inner zone, and green vertical lines (incl. associated yellow vertical lines) for calculating the 

































components (Table 4.2). The results should only be considered as a tentative minimum estimate and 
GRQRWDFFRXQWIRUWKHZKROH0R]5GXHWRWKHODFNRIGDWDIRUWKHQRUWKHUQ0R]5
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3
Figure 4.11. Graph illustrating the areal extent (light red bar) and crustal volume (dark red bar: extruded upper 
FUXVW LQWUXGHGFUXVW ORZHUFUXVWDOERG\JUH\H[WUXGHGXSSHUFUXVWRI WKHVRXWKHUQ0R]DPELTXH5LGJH
VHOHFWHGRFHDQLFSODWHDX/,3VDQGWKH&ROXPELD5LYHU&RQWLQHQWDO)ORRG%DVDOW3URYLQFHQRGDWDDYDLODEOHIRU
volume of extruded upper crust). Dashed lines represent threshold values for size (0.1 x 106 km2) and volume 
of extruded crust (0.1 x 106 km3RID/,3VXJJHVWHGE\%U\DQDQG(UQVW(2008). Proportions stated in the upper-
PRVWSDUWRIWKHJUDSK\LHOGUDWLRVRIWRWDOFUXVWDOYROXPHWRDUHDOH[WHQWRIHDFK/,3$JXOKDV3ODWHDX3DUVLHJOD
et al&ROXPELD5LYHU&)%+RRSHU%DNVL&RI¿QDQG(OGKROP Kerguelen Plateau: 
&RI¿QDQG(OGKROP)UH\ et al., 20030DQLKLNL3ODWHDX&RI¿QDQG(OGKROP,QRXH et al., 2008).
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:HLQWHUSUHWWKLVVLPLODULW\RIFUXVWDOYROXPHWRDUHDUDWLRVRIRFHDQLF/,3VZLWKWKRVHRIWKH0R]5DV
VXSSRUWIRUDQRFHDQLF/,3RULJLQRIWKH0R]5
Subtracting the volume of a 6 km thick layer of oceanic crust as observed for the adjacent basin 
5H]QLNRY et al.OHDGVWRDPDJPDWLFH[FHVVYROXPHRIWKHVRXWKHUQ0R]5RI[6 km3. 
:HGLVWLQJXLVKEHWZHHQDQ LQWUXGHGFUXVWORZHUFUXVWDOERG\DQGDQH[WUXGHGXSSHUFUXVW LQRXU
calculations. Following the method used by Parsiegla et al. (2008) we estimated the extruded upper 
FUXVWDOFRPSRQHQWE\SLFNLQJWKHWKLFNQHVVRIOD\HUFKDUDFWHUL]HGE\YHORFLWLHVEHWZHHQDQG
km s-1LQWKHYHORFLW\GHSWKPRGHORIWKHVZ0R]5*RKO et al.HYHU\NP\HOORZYHUWLFDOOLQHV
in Figure 4.10). 
7KHDYHUDJHWKLFNQHVVZLWKLQWKHLQQHU]RQHLVNPDQGZLWKLQWKHRXWHU]RQHNP:HFDOFXODW-
ed the ratio of extruded upper crust to total crustal thickness for the inner (11.87 per cent) and outer 
]RQHSHUFHQWRI WKHVZ0R]5%\DSSO\LQJWKHVHUDWLRVWRWKHFUXVWDO WKLFNQHVVHVRIERWK
RWKHUVHJPHQWVZHZHUHDEOHWRHVWLPDWHWKHH[WUXGHGXSSHUFUXVWDOFRPSRQHQWDWWKHF0R]5IZ = 
NPOZ NPDQGWKHVH0R]5IZ NPOZ = 1.98 km). 
Based on these estimates the amount of extruded material of the three segments is found to be 3.48 
x 10 km37DEOH7KHFDOFXODWHGYROXPHRIH[WUXGHGPDWHULDORIWKH0R]5H[FHHGVWKHPLQLPXP
VSHFL¿FDWLRQVIRUD/,3RI[ km3 %U\DQDQG(UQVWE\DOPRVWSHUFHQWVXSSRUWLQJD
/,3RULJLQRIWKH0R]5DVSRVWXODWHGE\*RKOet al. (2011). The remaining excess volume of 1.88 x 
106 km3 (Table 4.2) intruded into the oceanic crust and accounts for the strongly increased thickness 







4.5.3.2. Timing and duration of emplacement of the Mozambique Ridge
White et al. (2006) calculated time-averaged volumetric volcanic output rates (Qe) based on volcanic 
HUXSWLRQGDWDSXEOLVKHGIURPWRDQGSURSRVHGDQe of 9 ± 2 x 10
-1 km3 a-1 IRUÀRRGED-
VDOWSURYLQFHVDQGRFHDQLFSODWHDXV%XWPDJPDRXWSXWUDWHLVQRWFRQVWDQWRYHUWLPH&RI¿Qet al. 
(2002) observed that following the peak in magma production (Qe  = 9 x 10
-1 km3 a-1) at the Southern 
.HUJXHOHQ3ODWHDXPDJPDWLFRXWSXWZDQHGE\QHDUO\DQRUGHURIPDJQLWXGHWRa[-1 km3 a-1. 
.DUOVWURPDQG5LFKDUGVVXJJHVWHGPDJPDWLFDFWLYLW\RI/,3VRQWZRGLVWLQFWWLPHVFDOHVDQ
LQWUXVLRQGRPLQDWHGUHJLPHZLWKRQO\PLQRUHUXSWLRQVODVWLQJWKHWRWDODFWLYHOLIHWLPHRID/,3DQGD
distinctively shorter ‘main stage’ during which most of its volume is emplaced. The main pulse can be 
YHU\EULHIOHVVWKDQ0\UEXWDFFRXQWVIRUPRUHWKDQSHUFHQWRIWKHWRWDOYROXPHRIPDJPDWLF
output (Camp et al.&RXUWLOORWDQG5HQQH%U\DQDQG(UQVW
.DUOVWURPDQG5LFKDUGVSURSRVHGWKDWWHUPLQDWLRQVRIPDLQHUXSWLRQSKDVHVDUHDSUREDEOH
result of shutoff of dike propagation from the deep crust. It was suggested that the transition from the 
PDLQHUXSWLRQSKDVHWRWKHSKDVHRIVWURQJO\GHFUHDVHGPDJPDWLFRXWSXWKDSSHQVDEUXSWO\&RI¿Q 
et al., 2002). Bryan et alDQG-HUUDPDQG:LGGRZVRQUHODWHGWKHLQWHUYDORIUHGXFHG
magmatic output to a waning and more protracted phase of volcanism where the volume of eruptions 
rapidly decreases and may become more widely distributed or focused when rifting occurs. 
$GRSWLQJDSUHVXPHGPDJPDWLFDFWLYLW\RQ WZRGLVWLQFW WLPHVFDOHV HJ.DUOVWURPDQG5LFKDUGV
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DISCUSSION
DQG IROORZLQJ&RI¿Q et al. (2002) and 
White et al. (2006) we apply a Qe of  9 x 10
-1 km3 
a-1 for estimating the duration of the magmatic 
PDLQSXOVHSHUFHQWRIWKHWRWDOYROXPH
and a Qe of  1 x 10
-1 km3 a-1  to calculate the 




ble 4.2) this results in the duration of the main 
SXOVHRIa0\UIRUWKHF0R]5a0\UIRU
WKH VZ0R]5 DQG a0\U IRU WKH VH0R]5
(Figure 4.12 and Table 4.2). The length of the 
phase of reduced magmatic activity amounts 
WRa0\UIRUWKHF0R]5a0\UIRUWKH
VZ0R]5DQGa0\UIRUWKHVH0R]5)LJ-
ure 4.12 and Table 4.2).
Based on the analysis of magnetic anomalies 
König and Jokat (2010) proposed a formation 
RI WKH0R]5EHWZHHQDQG0D:H
have updated their ages of magnetic anoma-
lies using the age calibration of Ogg (2012). 
König and Jokat (2010) distinguish four phas-






Using our estimated durations for the main magmatic pulses and later emplacement periods in com-
bination with König and Jokat (2010)’s reconstruction results in the tentative scenario for the devel-
RSPHQWRIWKH0R]5VKRZQLQ)LJXUH$QRPDO\0QIRUPVDWLHSRLQWLQWKHLUPRGHOEHFDXVH
WKHVZ0R]5DWWKDWWLPHKDGDOUHDG\EHHQIRUPHGWR LWVIXOOH[WHQWZKLOHWKHF0R]5FRQWLQXHGWR













Figure 4.12. Illustration of duration of emplacement 
phases (numbers within white boxes) of the individu-
DO VHJPHQWV&HQWUDO0R]DPELTXH5LGJHEOXHEDUZLWK
KDWFKLQJ VRXWKZHVWHUQ 0R]DPELTXH 5LGJH UHG EDU
VRXWKHDVWHUQ0R]DPELTXH5LGJHJUHHQEDU7KHRQVHW
and termination of each phase is marked on the x-axis 
UHIHU WR FKDSWHU  IRU H[SODQDWLRQ ZKHUHDV WKH
y-axis indicates the used time-averaged volumetric vol-
canic output rates (Qe&RI¿Qet al., 2002, White et al., 
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Figure 4.13. 6FKHPDWLFVNHWFKRIWKHSURSRVHGHPSODFHPHQWPRGHOIRUWKHVRXWKHUQ0R]DPELTXH5LGJH7KH
framework conditions of the model are based on the plate tectonic reconstruction by König and Jokat (2010). 
/LIHVSDQVRIWKHLQGLYLGXDOVHJPHQWVDUHEDVHGRQWLPHDYHUDJHGYROFDQLFRXWSXWUDWHV)LJXUH&RI¿Qet 
al.:KLWHet al.$JHFDOLEUDWLRQLVEDVHGRQ2JJ QRUWKHUQ0R]DPELTXH5LGJHQ0R]5
 FHQWUDO0R]DPELTXH5LGJHF0R]5 VRXWKZHVWHUQ0R]DPELTXH5LGJHVZ0R]5 VRXWKHDVWHUQ
0R]DPELTXH5LGJH VH0R]5$5 $VWULG5LGJH)3 )DONODQG3ODWHDX0(% 0DXULFH(ZLQJ%DQN (a) 
Q0R]5ZDVIRUPHGSULRUWR0QEHWZHHQDQG0D.|QLJDQG-RNDW(b) Onset of magmatic 
DFWLYLW\DWF0R]5	VZ0R]5VWDUWHGa0D0DLQHUXSWLRQSKDVHVWHUPLQDWHGa0DDWVZ0R]5DQG
FRQWLQXHGIRUDQRWKHUa0\UDWF0R]5(c)(PSODFHPHQWRIVZ0R]5ZDVFRPSOHWHGa0D0QDIWHU


































































































quence of sequential development by excessive volcanic activity. 
(4) :HSURSRVHHPSODFHPHQWRI WKH LQGLYLGXDOVHJPHQWVEHWZHHQ±0D F0R]5
±0DVZ0R]5DQG±0DVH0R]5
 Besides extrusion centres corresponding to the initial development of the segments post-sed-









detailed and helpful comments that improved our manuscript.
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5. Late Cretaceous onset of current controlled sedimentation in 
the African–Southern Ocean gateway  
Maximilian D. Fischer, Gabriele Uenzelmann-Neben
Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- und Meeresforschung, Am Alten Hafen 26, 
%UHPHUKDYHQ*HUPDQ\




it represents an archive of the evolving exchange of water masses between the South Atlantic and 
Indian Oceans via the development of surface, intermediate, and bottom circulation. Two Cretaceous 
seismic units (S1 and S2a) were deposited on top of magmatic basement separated by a hiatus. Unit 
6PRVWO\VKRZVVHLVPLFUHÀHFWLRQVSDUDOOHOWRWKHWRSRIWKHEDVHPHQWDQGQRLQGLFDWLRQVRIFXUUHQW
DFWLYLW\:LWKLQVHLVPLFXQLW6DZHREVHUYHWKH¿UVWHYLGHQFHRIFXUUHQWFRQWUROOHGVHGLPHQWDWLRQ
with several sediment drifts. Based on our observations we propose deposition under partly euxinic 
FRQGLWLRQVLQWKHDUHDRIWKH0R]DPELTXH5LGJHXQWLOa0D7KHRQVHWRIDVWURQJVKDOORZFLUFXOD-
WLRQDIIHFWLQJGHSRVLWLRQDWWKH0R]DPELTXH5LGJHLVLQIHUUHGE\WKH/DWH&UHWDFHRXVa0\UKLDWXV
reported by drilling results and documented in the seismic records, whereas black shales deposited 
LQWKHQHDUE\GHHS7UDQVNHL%DVLQLQGLFDWHDUHVWULFWHGGHHSFLUFXODWLRQDWOHDVWXQWLOa0D:H
propose that the observed hiatus might be a consequence of a late Early Cretaceous uplift of the 
0R]DPELTXH5LGJHDQG WKHSURJUHVVLYHRSHQLQJRI WKH$JXOKDV3DVVDJHDOORZLQJ LQÀRZ LQWR WKH
study area. The intense circulation that caused the hiatus seems to have weakened in Campanian 
times, which is documented by the occurrence of sediment drifts in seismic unit S2a. We suggest that 
WKHRQVHWRIFXUUHQWFRQWUROOHGVHGLPHQWDWLRQZDVFDXVHGE\SDODHRJHRJUDSKLFPRGL¿FDWLRQVLQWKH
Atlantic Ocean along with relocation of circulation pathways.
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5.1. Introduction
)RUVHYHUDOGHFDGHV/DUJH,JQHRXV3URYLQFHV/,3OLNHWKH0R]DPELTXH5LGJH0R]5KDYHEHHQ
of great interest because of their potential far-reaching impact on biosphere and atmosphere leading 
WRFOLPDWHVKLIWVDQGPDVVH[WLQFWLRQV HJ&RI¿QDQG(OGKROP:LJQDOO 6DXQGHUV
'HVSLWH WKHSUREDEOH LQÀXHQFHRISDODHRFOLPDWHE\HPLVVLRQRIJUHHQKRXVHJDVHVGXULQJ
HPSODFHPHQWRI WKH0R]5 LWVHOHYDWLRQDQG ORFDWLRQRII6RXWK$IULFD LQ WKHVRXWKZHVWHUQ ,QGLDQ
2FHDQ)LJXUHDSUHVHQWVDQRWKHUFULWHULRQWKDWPLJKWKDYHLQÀXHQFHGSDODHRFOLPDWHWKHRE-
struction of ocean currents circulating in the evolving Southern Ocean (e.g., Durgadoo et al., 2008). A 
SURPLQHQWH[DPSOHRIVXFKDQLPSDFWRQSDODHRFHDQFLUFXODWLRQLVWKH5LR*UDQGH5LVH:DOYLV5LGJH
System, which acted as a barrier for deep water circulation between the North and South Atlantic 
2FHDQXQWLOLWV/DWH&UHWDFHRXVVXEVLGHQFH:DJQHUDQG3OHWVFK0XUSK\DQG7KRPDV
Voigt et al., 2013).
The modern oceanographic setting of the southwestern Indian Ocean is characterized by a four-layer 
structure consisting of surface (Agulhas Current), intermediate (Antarctic Intermediate Water), deep 
(North Atlantic Deep Water) and bottom water masses (Antarctic Bottom Water) that probably de-




ences in palaeogeography, palaeotemperature and CO2 levels (Poulsen et al./HFNLH et al., 
0DF/HRG et al.'RQQDGLHX et al., 2016).
Various authors focused on the evolution of water masses in the Southern Ocean and inferred a late 
Early Cretaceous onset of deep water formation and thus of palaeocean circulation in the Indian 
sector (e.g., Poulsen et al.5RELQVRQ et al.0XUSK\DQG7KRPDV,WLVD
matter of ongoing debate whether Northern Component Water or Southern Component Water acted 
DVGULYLQJPHFKDQLVPRI/DWH&UHWDFHRXVRFHDQFLUFXODWLRQEXWFLUFXODWLRQHYROYHGIURPDVOXJJLVK
and partly regional to an ocean wide and open deep water circulation until the end of the Mesozoic 
era (e.g., Huber et al.0DF/HRG et al.5RELQVRQDQG9DQFH0XUSK\DQG7KRPDV
'RQQDGLHX et al., 2016). Most of these studies are based on the analysis of neodymium (¡Nd), 
R[\JHQį182DQGFDUERQLVRWRSHGDWDį13C). 
The study of contourite drifts offers another approach to reconstruct palaeoceanography because 
the observed morphologic, stratigraphic and seismic characteristics allow for the interpretation of the 
SDWKZD\DQGDSSUR[LPDWHÀRZLQWHQVLW\RIWKHZDWHUPDVVWKDWZDVUHVSRQVLEOHIRUWKHLUGHYHORSPHQW
)DXJqUHV et al.+HUQiQGH]0ROLQD et al.0OOHU0LFKDHOLV et al., 2013). The analysis 
of sediment drifts led to a proposed middle Tertiary onset of current controlled sedimentation in the 
7UDQVNHL%DVLQ6:RIWKH0R]56FKOWHUDQG8HQ]HOPDQQ1HEHQZKHUHDVRQVHWRIFXUUHQW




$WODQWLFDQG ,QGLDQ2FHDQDQG LWVHQWLUHHPSODFHPHQWE\a0D OHQGV LW D FUXFLDO LPSRUWDQFH
to better understand the establishment of the deep water connection between the South Atlantic 
DQGWKH6RXWKZHVW,QGLDQ2FHDQV.|QLJDQG-RNDW)LVFKHU et al., 2017). We present 
KLJKUHVROXWLRQPXOWLFKDQQHOVHLVPLF0&6UHÀHFWLRQGDWDUHFRUGHGLQWKHDUHDRIWKH0R]DPELTXH
5LGJH0R]5GXULQJ596RQQHH[SHGLWLRQ62LQWRLGHQWLI\VHLVPLFFKDUDFWHULVWLFVW\SLFDO
for changes in current strength and spatial and temporal variations in the location of these currents.
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BACKGROUND AND SETTINGS
5.2. Background and settings
5.2.1. Tectonic and palaeoceanographic setting
The palaeogeography of the Cretaceous Southern Ocean can be divided into three regions: Atlantic, 
,QGLDQDQG3DFL¿F5RELQVRQ et al.7KHEDVLQVRIWKH,QGLDQUHJLRQVXUURXQGLQJWKH0R]5
started to form as a consequence of the opening between Africa and Antarctica during the early 






























































































































































Figure 5.1. (a) Bathymetric map (Weatherall et al.RI6$IULFDZLWKSDUWVRIWKH6RXWK$WODQWLFDQG6:
,QGLDQ2FHDQ7KHDUURZVVKRZWKHVFKHPDWLFÀRZSDWKVRIVXUIDFHFXUUHQWVDQGGHHSHUZDWHUPDVVHV/XWMH-
KDUPV8HQ]HOPDQQ1HEHQ et al.*UXHW]QHUDQG8HQ]HOPDQQ1HEHQ$JXOKDV&XUUHQW\HO-
low), Benguela Current (black), Antarctic Intermediate Water (orange), North Atlantic Deep Water (purple) and 
$QWDUFWLF%RWWRP:DWHUZKLWH2UDQJHVWDUPDUNVWKHORFDWLRQRI'6'3/HJ6LWHRQWKHQRUWKHUQ0R-
]DPELTXH5LGJH5HGER[LQGLFDWHVVWXG\DUHDVKRZQLQ)LJXUHE$))= $JXOKDV)DONODQG)UDFWXUH=RQH
$3 $JXOKDV3ODWHDX$3D $JXOKDV3DVVDJH0DG 0DGDJDVFDU0R] 0R]DPELTXH0R]5 0R]DPELTXH





CHAPTER 5. LATE CRETACEOUS CIRCULATION IN THE A–SO GATEWAY
stages of Gondwana breakup in Middle Jurassic (Mozambique Basin), and during the early opening 
EHWZHHQ6RXWK$PHULFDDQG$IULFDaWR0D1DWDO9DOOH\*RRGODG et al..|QLJDQG
-RNDW$QH[DFWDJHRIWKH7UDQVNHL%DVLQVRXWKZHVWRIWKH0R]5FDQQRWEHGHWHUPLQHG
precisely because its formation commenced subsequent to the Natal Valley during the Cretaceous 




Until Albian times only small, semi-isolated deep ocean basins existed in the South Atlantic and 
VRXWKHUQ,QGLDQ2FHDQUHJLRQV'LQJOHDQG/DYHOOH6LPLODUUHVWULFWHGDQGSDUWO\HX[LQLFFRQ-
GLWLRQV FDQEH LQIHUUHG IRU WKH0R]5GXULQJGHSRVLWLRQRI WKH(DUO\&UHWDFHRXVVHGLPHQWDU\XQLW
EDVHGRQRUJDQLFFDUERQULFKLQWHUYDOVDYHUDJHDPRXQWRIRUJDQLFFDUERQGULOOHGDW'6'3
6LWHRUDQJHVWDU LQ)LJXUHDDWWKHQRUWKHUQ0R]5*LUGOH\6LPSVRQ et al., 1974). 
Uenzelmann-Neben et al. (2016) inferred that a weak transport of intermediate water through the 
Drake Passage into the South Atlantic and further on through the African-Southern Ocean gateway 
into the evolving Indian Ocean was already being established in Albian times. Murphy and Thom-
as (2012) also suggested a mechanism of consistent deep water ventilation in the South Atlantic 
and Indian sector of the Southern Ocean already for the middle Cretaceous, although deep water 
FLUFXODWLRQPLJKWKDYHEHHQRQO\VOXJJLVK5RELQVRQ et al., 2010) or regionally restricted (Voigt et 
al., 2013). Increased CO2 concentrations and palaeogeographic evolution have been proposed as 
probable driving mechanisms for altering the mid-Cretaceous ocean circulation in the South Atlantic 
sector (Poulsen et al., 2001). The formation of intermediate and deep waters in the Indian sector 
of the Southern Ocean during the late Albian supports a mode of meridional overturning circulation 
characterized by high latitude downwelling prior and during the peak Cretaceous greenhouse in the 
early Turonian (Murphy and Thomas, 2012). 
7KHWUDQVLWLRQIURPDQ$OELDQWR7XURQLDQSDODHRJHRJUDSK\OHGWRVLJQL¿FDQWFKDQJHVLQVXUIDFHDQG
GHHSRFHDQLFFLUFXODWLRQ$FFRUGLQJWR/DZYHU et al. (1992) and König and Jokat (2006) a deep water 
FRQQHFWLRQEHWZHHQ,QGLDQDQG6RXWK$WODQWLF2FHDQVZDVHVWDEOLVKHGa0D&RPELQHGZLWKWKH
widening of the South Atlantic Ocean, the former regionally restricted circulation in the South Atlantic 
gave way to meridional overturning circulation ventilating the basins of the Southern Ocean (Poulsen 
et al., 2001). Donnadieu et al. (2016) suggested only sluggish deep water circulation in the western 
Indian Ocean during the Turonian, while an increase in salinity in the southern latitudes might have 
temporarily enhanced convection in the Indian Ocean during the peak of the Cretaceous green-
house in the early Turonian (Poulsen et al.7KH¿QDOHVWDEOLVKPHQWRIDQRSHQGHHSZDWHU
FLUFXODWLRQLQWKH,QGLDQ2FHDQLVLQIHUUHGa0DE\/DZYHU et al. (1992), even though Schlüter and 
Uenzelmann-Neben (2008a) reported indications for restricted circulation in the Transkei Basin until 
the early Campanian.
0XOWLSOHDXWKRUVVXJJHVWHGD WUHQG WRZDUGVGLPLQLVKHGYHUWLFDO VWUDWL¿FDWLRQRI WKHZDWHUPDVVHV
GXULQJWKH/DWH&UHWDFHRXVDQGLQWURGXFHG1RUWKHUQ&RPSRQHQW:DWHURU6RXWKHUQ&RPSRQHQW:D-
WHUDVGULYLQJPHFKDQLVPRIRFHDQFLUFXODWLRQHJ0XUSK\DQG7KRPDV9RLJW et al., 2013). 
The ongoing opening of the South Atlantic Ocean is proposed to correspond to a marked change 











ERWWRPFXUUHQWVXVXDOO\ UHVXOWLQJ IURP WKHUPRKDOLQHDQGRUZLQGGULYHQFLUFXODWLRQ LQ WKHRFHDQV
(Stow et al. 5HEHVFR et al. 6WRZDQG)DXJqUHV5HEHVFR et al., 2014). The 
term semipermanent is used because bottom currents are highly variable in intensity, direction and 
precise location at any one time (Stow et al., 2002). Those variations in bottom current intensities 
are responsible for accumulation of mounded and sheeted drifts (moderate intensities) as well as for 
episodes of non-deposition or erosion (increased intensities), which generate erosional structures 
RUKLDWXVHV)DXJqUHV et al.6WRZ et al.6KDQPXJDP6WRZ et al., 2009). Such 
events can have either a climatic origin, linked to the variation in the extent of polar ice caps and sea 
ice, or a tectonic cause, for example the opening and closing of gateways that control bottom water 
H[FKDQJHEHWZHHQRFHDQEDVLQV)DXJqUHV et al.5HEHVFR et al., 2014). 
The architecture of deposits within a drift is complex and marked by an alternation of periods of 
sedimentation and erosion or non-deposition resulting in discontinuities and variations of seismic 
UHÀHFWLRQFKDUDFWHULVWLFVHJ)DXJqUHV et al., 1999). While homogenous seismically transparent 
XQLWVPD\SRLQW WRZDUGVVWDEOHPRGHUDWHÀRZ LQWHQVLWLHVKLJKDPSOLWXGHUHÀHFWRUVHTXHQFHVFDQ
indicate large temporary changes in current strength or sediment supply (Nielsen et al., 2008). The 
LGHQWL¿FDWLRQDQGGHVFULSWLRQRIFRQWRXULWHGULIWVDQGHURVLRQDOVWUXFWXUHVEDVHGRQVHLVPLFUHÀHFWLRQ
data therefore offers the possibility to study changes in palaeocean circulation and correlate them 








6LWHRUDQJHVWDULQ)LJXUHD6LPSVRQ et al., 1974) and a palaeoceanographic interpretation 
RIDVHLVPLFSUR¿OHUHFRUGHGGXULQJFUXLVH6R8HQ]HOPDQQ1HEHQ et al., 2011). We here apply 
WKHVHLVPLFVWUDWLJUDSK\VKRZQLQ7DEOHDQGH[SODLQHGLQGHWDLOLQ)LVFKHU et al. (2017). 
7KHORZHUPRVWXQLWLVFKDUDFWHUL]HGE\SLHFHZLVHFRQWLQXRXVKLJKDPSOLWXGHORZIUHTXHQF\UHÀHF-
WLRQVUHDFKLQJXSWRPV7:7EHORZWKHXQLW¶VWRS)LJXUH7KHWRSRIWKHXQLWLVGH¿QHGE\
a strong impedance contrast with a sudden velocity increase to its overlying unit, appears rugged 
and hummocky, and shows a wide range in observed depths. Fischer et al. (2017) correlate the unit 
ZLWKWKH/RZHU&UHWDFHRXVEDVDOWLFEDVHPHQWGULOOHGDW6LWHWKDWHUXSWHGHLWKHUVXEDHULDOO\RULQ
shallow waters (Girdley et al.6LPSVRQ et al.-DFTXHV et al.
7ZR&UHWDFHRXVVHLVPLFXQLWVWKHODUJHO\(DUO\&UHWDFHRXVXQLW6±0DDQGWKH/DWH





conformable and appear more continuous in the upper part of the unit. The top of unit S1 seems to 
EHDIIHFWHGE\HURVLRQDOWUXQFDWLRQDQGLVPDUNHGE\DVWURQJDPSOLWXGHUHÀHFWLRQDQGDGLVWLQFWGLI-
ference in geometry to the overlying unit. Fischer et al. (2017) correlated the unit to the Neocomian 
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WR$OELDQWHUULJHQRXVVLOW\FOD\VWRQHDQGYROFDQLFVLOWVWRQHRI6LWHZKLFKDUHWRSSHGE\Da0\U
hiatus (Girdley et al.6LPSVRQ et al., 1974).
The overlying seismic unit S2a usually thins towards basement highs and, where deposited, rough-
O\ IROORZV WKH WRSRJUDSK\RI XQLW67KH UHÀHFWLRQVDUH FKDUDFWHUL]HGE\GLVFRQWLQXRXVPHGLXP
amplitudes of lower frequencies that onlap onto unit S1. In some parts the unit seems to be almost 
WUDQVSDUHQWHJ)LJXUH&'3V7KHXQLW¶VUHÀHFWLRQVVKRZDZDY\JHRPHWU\DQG













NW Profile AWI-20140217 SE
Top basement
Top unit S1


























= top of Barremian to early Cenomanian unit S1, thick red line = top of basement. Black circle denotes current 
direction during deposition of the late Campanian to late Maastrichtian unit. Black lines indicate faults. PSM = 
Post-sedimentary Neogene magmatism. The younger deposits are masked in the interpreted section. For hori-
zontal scale and vertical exaggeration refer to legend. The inset illustrates the increase in width of the eroded 
areas (e.a.) of seismic unit S2a (in black) compared to that of seismic unit S1 (in blue).
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GLIIHUVLJQL¿FDQWO\IURPWKHUHÀHFWLRQVRIVHLVPLFXQLW6)LVFKHU et al. (2017) correlated unit 2a with 
WKH/DWH&UHWDFHRXV&DPSDQLDQWR0DDVWULFKWLDQELRJHQLFVHGLPHQWVFOD\ULFKQDQQRFKDONGH-
scribed by Simpson et al.ZKLFKDUHWRSSHGE\Da0\UKLDWXV
5.3. Methods
)RUWKHVWXG\RIWKH(DUO\WR/DWH&UHWDFHRXVGHSRVLWLRQDOFRQGLWLRQVDWWKH0R]5ZHDSSOLHGWKH
seismostratigraphic model of Fischer et al. (2017) and mapped the seismic units throughout the 
VWXG\DUHD'XHWRWKHVSDFLQJRIWKHVHLVPLFUHÀHFWLRQGDWDWKHUHVXOWLQJPDSVHJ)LJXUHDUH
DIÀLFWHGZLWKXQFHUWDLQWLHV LQ WKHXQFRYHUHGDUHDV1RQHWKHOHVV WKHJHQHUDO WKLFNQHVVDQGGHSWK
trend of the depicted sedimentary deposits are correct.
We calculated the depth of the three seismic horizons, which were used to compute the thickness of 
both sedimentary units S1 and S2a. The isolines of the root mean square (rms) thickness were used 
WRGH¿QHWKHRXWOLQHVRIVHGLPHQWGHSRFHQWUHV7KHRULHQWDWLRQDQGORFDWLRQRIWKRVHIHDWXUHVDUH
LQWHUSUHWHGZLWKUHVSHFWWRWKHSURPLQHQWEDVHPHQWHOHYDWLRQVRIWKH0R]5DQGWKHPRUSKRORJ\RI
the underlying horizon. Depocentres may indicate whether sedimentation was mainly gravity or bot-
tom current controlled, that is depocentres oriented parallel to the slope are interpreted to document 
dominance of bathymetric contour-parallel sediment transport, whereas a depocentre perpendicular 
to the bathymetric contours is interpreted to indicate dominance of down-slope sediment transport 




RI WKHGULIWZKHUHDVVORZHUÀRZDQGGHSRVLWLRQRFFXUVRQWKHULJKWÀDQN)DXJqUHV et al., 1999). 
9DULDWLRQVLQERWWRPFXUUHQWDFWLYLW\DWWKH0R]5ZHUHFRUUHODWHGZLWKSDODHRFHDQRJUDSKLFHYHQWV
Cretaceous seismic 
units of the southern 
0R]DPELTXH5LGJH





Age (Ma)a ± <128.66–100 130.86–124.90







tions with moderate 





Medium to strong ampli-
WXGHUHÀHFWLRQVRIORZHU
IUHTXHQF\VWURQJHU
amplitudes and more 





plitude, low frequency 
UHÀHFWLRQVVXESDUDOOHO
sequences of internal 
UHÀHFWLRQVSLHFHZLVH
continuous and up to 
800 ms TWT deep
5HPDUNV Hiatus on top of S2a
+LDWXVRQWRSRI6
age of oldest deposits 
decrease to the South 
due to younger base-
PHQWOD\HUVZLWK72&
up to 1.7%
a6LPSVRQHWDObFischer et al. (2017)
Table 5.1. Seismic stratigraphy of the Cretaceous seismic units in the study area.
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DQGWHFWRQLFDQGSDODHRJHRJUDSKLFFKDQJHVWRGHYHORSDUHFRQVWUXFWLRQRI(DUO\WR/DWH&UHWDFHRXV
current circulation in the study area.
5.4. Results 








:HREVHUYHD URXJKO\16VWULNLQJEDVHPHQW WURXJKEHWZHHQ WKHF0R]5DQG WKHVZ0R]5 )LJ-












































































5.2 Legend (Figs 5.3 and 5.5)
x numbers point to figure showing seismic profile;extent of profile shown by opaque thick grey line
seismic profiles
Fig. 5.3: depth contour (500 ms TWT interval;
thick black contour: 5000 ms TWT; thick white
contour: 3500 ms); 
Fig. 5.5: thickness contour (thin black contour:
rms and 200 ms TWT with 100 ms TWT interval);
thick red/thick black 3500/5000 ms TWT base-
ment (Fig. 5.5a) or S1 (Fig. 5.5b) depth contour
}xx minimum thickness (= vertical resolution; msTWT) used for isopach maps of seismic unit 
}xx
x rms thickness (ms TWT) of seismic unit
Figure 5.3. Depth maps (ms TWT) of top Early Cretaceous basement (a), top Barremian to early Cenomanian 
seismic unit S1 (b) and top late Campanian to late Maastrichtian seismic unit S2a (c). F0R]5 FHQWUDO0R]DP-
ELTXH5LGJHVZ0R]5 VRXWKZHVWHUQ0R]DPELTXH5LGJHVH0R]5 VRXWKHDVWHUQ0R]DPELTXH5LGJH5HIHU







tary magmatic (PSM), probably Neogene origin by Fischer et al. (2017).
5.4.1.2. Early Cretaceous unit S1
































































tion refer to legend. PSM = Post-sedimentary magmatism. The younger deposits are masked in the interpreted 
section. The inset illustrates the increase in width of the eroded areas (e.a.) of seismic unit S2a (in black) com-
pared to that of seismic unit S1 (in blue).
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variable ranging from 0 to 611 ms TWT and 
usually decreases towards basement highs 
)LJXUHDQG)LJXUHD7KHGHSRFHQ-
WUHVDUHGH¿QHGE\DWKLFNQHVVRIPRUHWKDQ
131 ms TWT (= rms thickness). We observe 
a rather random distribution of depocentres 
with no indications for deposition parallel to 
the bathymetric contours (thick black and 




The top of unit S1 shows the same attributes 
as the underlying top of basement but with 
a smoother, more gradual increase in depth 
DZD\IURPWKH0R]5)LJXUHE$JDLQZH
observe a NS trending trough between the 
F0R]5 DQG WKH VZ0R]5 WKDW DSSHDUV QDU-
rower and slightly shallower than at basement 
depth level due to the sedimentary load of 
XQLW6)LJXUHE)LJXUH&'3V
:LWKDUPVGHSWKRIPV7:7XQLW
S1 is roughly 180 ms TWT shallower than the 
basement. The unit’s rms thickness, average 
seismic velocity and age yield a sedimenta-
WLRQUDWHRIaP0\U-1, which is slightly higher 
than the published sedimentation rate for the 
QRUWKHUQ0R]5RIP0\U-1 (Simpson et al., 
1974).
5.4.1.3. Late Cretaceous unit S2a



























































Figure 5.5. Isopach maps (ms TWT) of Barremian to 
early Cenomanian seismic unit S1 (a) and late Campani-






SDUHGWRWKHXQGHUO\LQJXQLW6WKHVHGLPHQWDWLRQUDWHVWURQJO\LQFUHDVHVWRaP0\U-1, which is 
slightly higher than the 20 m Myr-1VWDWHGIRUWKHQRUWKHUQ0R]56LPSVRQ et al., 1974).
5.4.2. Current controlled sedimentation in the study area
Seismic characteristics typical of current controlled sedimentation and sediment drifts have been 
LQYHVWLJDWHGE\VHYHUDODXWKRUVLQJUHDWGHWDLOHJ)DXJqUHV et al.6WRZ et al.8HQ-
zelmann-Neben et al.1LHOVHQ et al.5HEHVFR et al., 2014), and are summarized by 
Müller-Michaelis et al. (2013) WR FRPSULVH RI KLJK WRPRGHUDWH DPSOLWXGH UHÀHFWLRQV FDXVHG E\
changes in current attributes (e.g., velocity), (basal) erosional unconformities due to intense currents 
ZLWKRQODSRUORZDQJOHGRZQODSRIRYHUO\LQJUHÀHFWLRQVDJHQHUDORULHQWDWLRQRIGHSRVLWVDORQJWKH












































inferred current pathway during deposition of seismic unit S2a.
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is approximately 60 km. It has a broad low-mounded geometry and is deposited on top of the early 













amplitude and mostly discontinuous.
:HREVHUYHDVHFRQGGULIWERG\LQWKHVRXWKZHVWRIWKHVZ0R]5WKDWLVORFDWHGDWOHDVWaPV




amplitude and continuity to the top. Due to its morphological context it can best be described as a 












































































PSM = Post-sedimentary magmatism. The younger deposits are masked in the interpreted section. The inset 
illustrates the increase in width of the eroded areas (e.a.) of seismic unit S2a (in black) compared to that of 
seismic unit S1 (in blue).
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(seismic unit S2b).  
5.5. Discussion
In the following we propose a model for the Cretaceous palaeoceanographic circulation in the area 
RIWKH0R]5DQGLWVVXUURXQGLQJEDVLQVWRWKHZHVWKHUHLQDIWHUVLPSOL¿HGWRµVWXG\DUHD¶7KHPRGHO
FRPSULVHV WKUHH WLPH LQWHUYDOV  WKH(DUO\&UHWDFHRXVXQWLOa0D%DUUHPLDQ WRHDUO\&HQ-
RPDQLDQ  WKH /DWH&UHWDFHRXV KLDWXV a±0D HDUO\&HQRPDQLDQ WR ODWH&DPSDQLDQ
DQGWKH/DWH&UHWDFHRXVa±0DODWH&DPSDQLDQWRODWH0DDVWULFKWLDQ,WLVEDVHGRQRXU
REVHUYDWLRQVDWWKH0R]5DQGSXEOLVKHGSDODHRFHDQRJUDSKLFDQGSDODHRJHRJUDSKLFGDWD:HXVHG
a recent palaeobathymetric reconstruction by Castelino et al. (2016) for our model, but need to em-
phasize that their reconstruction of the African–Southern Ocean (A–SO) gateway is based on certain 
DVVXPSWLRQVDQGVLPSOL¿FDWLRQVHJQHJOLJLEOHVHGLPHQWFRYHURYHU0R]5SRRUXQGHUVWDQGLQJRI
WKHUPDOHYROXWLRQRI/,3VVHHSXEOLFDWLRQIRUIXUWKHUGHWDLOVDQGWKHUHIRUHVXEMHFWWRFRQVLGHUDEOH
uncertainty. Owing to the sparse data about palaeocirculation in our study area we want to empha-
VL]HWKDWWKHSURSRVHGFLUFXODWLRQVFKHPH)LJXUHVKRXOGRQO\EHVHHQDVWHQWDWLYH1RQHWKH-
less, we think it provides a good approach to interpret the observed depositional patterns at the 
0R]5LQDEURDGHUFRQWH[W




LQWKH ORZHUSDUWRI WKHXQLWDQGPHGLXPWRVWURQJDPSOLWXGHVZLWKPRUHFRQWLQXRXVUHÀHFWLRQV LQ
WKHXSSHUSDUWHJ)LJXUH&'3V±2XUREVHUYDWLRQVLQGLFDWHFRQWLQXRXVVHGLPHQ-
WDWLRQVXEVHTXHQWWRWKHVXEDHULDORUVXEPDULQHHPSODFHPHQWRIWKH0R]57HUULJHQRXVVHGLPHQWV
followed by volcaniclastics were observed within the Aptian section at DSDP Site 249 (orange star 
LQ)LJXUHD*LUGOH\ et al.6LJDO6LPSVRQ et al.9DOOLHU7KLVFRUUHODWHV
ZHOOZLWK WKHREVHUYHGFKDQJHV LQ UHÀHFWLRQFKDUDFWHULVWLFV)XUWKHUPRUHZH LQWHUSUHW WKHRFFXU-
rence of the volcanogenic sediments in the upper part of seismic unit S1 as an indicator of renewed 
YROFDQLFDFWLYLW\GXULQJODWH(DUO\&UHWDFHRXVa$OELDQ
The Early Cretaceous deposits drilled at DSDP Site 249 were reported to be rich in organic car-
ERQ DYHUDJHFRQWHQWRI UHVXOWLQJ IURPGHSRVLWLRQXQGHUHX[LQLF FRQGLWLRQV *LUGOH\
Simpson et al.9DOOLHU9DOOLHUDQG.LGG9DOOLHUDQG.LGGLQWHUSUHWHGWKH
lithostratigraphy of the Early Cretaceous unit to represent deposition in a relatively deep basin, and 
Girdley et al. (1974) correlated the deposits with the Aptian to Cenomanian marine Domo Formation 
found in the southern part of Mozambique (Flores, 1973). Flores (1973) proposed that the Domo 
Formation was deposited as a result of south to north transgression in a graben-like structure where 













































































tion of the African-Antarctic corridor by Castelino et al. (2016) for 100 Ma (a)0D(b)DQG0D(c). Dark 
grey represent areas not included in their palaeobathymetric reconstruction. White arrows = current pathway 
in the study area inferred by our data and other studies (Dingle et al.'LQJOHDQG&DPGHQ6PLWK
Martin et al.0H\HUVDQG'LFNHQV5HG\HOORZDUURZV VXUIDFHLQWHUPHGLDWHFXUUHQWSDWKZD\V
(Donnadieu et al.8HQ]HOPDQQ1HEHQ et al., 2016), black arrows = deep current pathway (Schlüter and 
8HQ]HOPDQQ1HEHQE'RQQDGLHX et al., 2016). Circular arrows = restricted (non-vertical) circulation with 
SDUWO\HX[LQLFFRQGLWLRQV$3 $JXOKDV3ODWHDX$5 $VWULG5LGJH*5 *XQQHUXV5LGJH0DG 0DGDJDVFDU
0% 0R]DPELTXH%DVLQ0R]5 0R]DPELTXH5LGJH03 0DGDJDVFDU3ODWHDX05 0DXG5LVH19 
Natal Valley, TB = Transkei Basin, TC = Tugela Cone.
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%DVHGRQ WKHDQDO\VLVRISDODHRHQYLURQPHQWDOSUR[LHV'LQJOHDQG/DYHOOH SRVWXODWHG WKDW
only small semi-isolated basins existed in the Southern Ocean before Albian times. DSDP and ODP 
drill results show that deposition of sediments under euxinic conditions was a common phenomenon 
during most of the Early Cretaceous in the evolving Indian Ocean (Meyers and Dickens, 1992). A re-
cently published study by Uenzelmann-Neben et al.EDVHGRQVHLVPLFUHÀHFWLRQGDWDDQGQX-
PHULFDOPRGHOVVXJJHVWVWKDWDZHDNFLUFXODWLRQRI8SSHU3DFL¿F:DWHU83:,QWHUPHGLDWH3DFL¿F
Water and Atlantic Intermediate Water through the A–SO gateway into the Indian Ocean commenced 
LQ$OELDQWLPHVUHGDQG\HOORZDUURZVLQ)LJXUHD:HREVHUYHQRLQGLFDWLRQVRIFXUUHQWLQÀXHQFH
on the deposition of seismic unit S1. In fact the seismic characteristics throughout unit S1 (e.g., 
FRQIRUPDEOHUHÀHFWLRQV)LJXUH&'3V±SRLQWWRDUDWKHUXQGLVWXUEHGGHSRVLWLRQRIWKH
sediments. This raises the question why the postulated shallow and intermediate circulation did not 
DIIHFWWKH(DUO\&UHWDFHRXVVHGLPHQWDWLRQDWWKH0R]5$SRVVLEOHUHDVRQPLJKWEHWKH)DONODQG3OD-
teau, the Maurice Ewing Bank and the developing Agulhas–Falkland Fracture Zone obstructing the 
circulation from entering our study area from the west (Ben-Avraham et al..|QLJDQG-RNDW
:HK\SRWKHVL]HWKDWWRJHWKHUZLWKWKH0R]5DQGWKHVXEDHULDO$JXOKDV3ODWHDXZKLFKZDV
HPSODFHGEHWZHHQDQG0D3DUVLHJOD et al., 2008), those structures acted as an entity that 
KLQGHUHGLQÀRZLQWRRXUVWXG\DUHD7KLVUHVXOWHGLQDQLVRODWLRQRIRXUVWXG\DUHDWKHUHIRUHSURYLGLQJ
the required conditions for a continuous deposition under euxinic conditions (circular white arrows 
LQ)LJXUHDHYHQDIWHUWKHVXUIDFHWRLQWHUPHGLDWHFLUFXODWLRQEHWZHHQWKH6RXWKHUQ$WODQWLFDQG
Indian Oceans commenced.










DFWLYLW\DUHGRFXPHQWHGLQVXFKHURVLRQDOIHDWXUHV)DXJqUHV et al.6WRZ et al.6WRZ 
et al.:HLQWHUSUHWWKHXQFRQIRUPLW\DVVRFLDWHGZLWKWKHa0\UJDSWRFRUUHVSRQGWRWKH
/DWH&UHWDFHRXVKLDWXVGLVSOD\HGDW'6'36LWHRQWKHQRUWKHUQ0R]56LPSVRQ et al., 1974). 




sedimentary record in the nearby Transkei Basin (Schlüter and Uenzelmann-Neben, 2007) questions 
WKHRFFXUUHQFHRID/DWH&UHWDFHRXVHURVLYHGHHSFLUFXODWLRQ7KHDEVHQFHRIDYLJRURXVGHHSFLUFX-
ODWLRQLVVXSSRUWHGE\WKHREVHUYDWLRQRI/DWH&UHWDFHRXVEODFNVKDOHVLQWKH7UDQVNHL%DVLQZKLFK
were deposited in palaeodepths of 2200 to 3100 m according to Schlüter and Uenzelmann-Neben 










with the deposition of the volcanogenic sediments in the upper part of seismic unit S1 that show 
characteristics typical for submarine or subaerial eruptions (Vallier, 1974). A mid-Cretaceous mag-
PDWLFUHDFWLYDWLRQRIWKH0R]5ZRXOGKDYHUHVXOWHGLQDGHFUHDVHRILWVSDODHRGHSWKDQGWKXVPDGH
LW VXVFHSWLEOH WRD VKDOORZHURVLYHFLUFXODWLRQ:H WKHUHIRUHK\SRWKHVL]H WKDWDQa$OELDQ WRHDUO\
&HQRPDQLDQPDJPDWLFUHDFWLYDWLRQFDXVHGDQXSOLIWRIWKH0R]5ZKLFKUHVXOWHGLQWKHRFFXUUHQFHRI
WKHKLDWXVGXHWRVKDOORZFXUUHQWDFWLYLW\DQGRUE\VXEDHULDOHURVLRQ7KHVLPXOWDQHRXVGHSRVLWLRQRI
black shales in the Transkei Basin points towards a strong vertical layering of the water column and 




8HQ]HOPDQQ1HEHQ  LQWHUSUHWHG WKHa$OELDQ&HQRPDQLDQ WRa0DDVWULFKWLDQKLDWXV WREHD






Agulhas Passage may be a result of progressive subsidence of the Agulhas Plateau after its em-
placement and the Falkland Plateau clearing the tip of Africa (Martin et al.'LQJOH et al.
Niemi et al.3DUVLHJOD et al., 2008). 
$7XURQLDQa0DXQFRQIRUPLW\0F'XIIKDVEHHQREVHUYHGDWWKHVRXWKHDVW$IULFDQVKHOIWKH
Tugela Cone and in the Central Terrace of the Natal Valley that affected deposition during most of 
WKH&HQRPDQLDQWR7XURQLDQ/XGZLJ et al.)ORUHV'LQJOH et al.0DUWLQ et al., 
'LQJOHDQG5REVRQ7KHDXWKRUVFRUUHODWHGWKHXQFRQIRUPLW\ZLWKWKHKLDWXVH[SUHVVHG
DWWKH0R]5:HWKHUHIRUHVXJJHVWWKDWWKHHURVLYHFLUFXODWLRQLQWKHVWXG\DUHDFRPPHQFHGa




ODWH(DUO\&UHWDFHRXV)ORUHV*LUGOH\ et al., 1974) and may be interpreted as a consequence 
of progressive Gondwana breakup. Based on the distribution of the McDuff unconformity and the 
general clockwise circulation in the Southern Hemisphere due to Coriolis force we propose that the 
FLUFXODWLRQLQWKHVWXG\DUHDZDVÀRZLQJLQD1(GLUHFWLRQDORQJWKHVRXWKHDVW$IULFDQVKHOIDQGWKH
7XJHOD&RQHZKLWHDUURZDORQJ6($IULFDQFRDVWLQ)LJXUHE&LUFXODWLRQWKHQFRQWLQXHGIXUWKHU
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Ben-Avraham et al. (1994).
Apart from the regional factors controlling the circulation (e.g., subsidence of the Agulhas Plateau) 
there were also global palaeoclimate and palaeogeographic events that promoted the initiation of a 
FLUFXODWLRQWKURXJKWKH$JXOKDV3DVVDJH7KHSDODHRFHDQFLUFXODWLRQGXULQJWKHHDUO\/DWH&UHWD-
ceous was simulated to be very sluggish (Donnadieu et al.8HQ]HOPDQQ1HEHQ et al., 2016). 
:HWKHUHIRUHSURSRVHWKDWFRQGLWLRQVIRUDQLQÀRZWKURXJKWKH$JXOKDV3DVVDJHZHUHQRWPHWXQWLO
the initiation of a long-lasting cooling trend after the Cretaceous thermal maximum in Turonian times 
a0DFDXVHGDJUDGXDOLQFUHDVHRIWKHWHPSHUDWXUHJUDGLHQWEHWZHHQSROHVDQGHTXDWRU3RXOV-




and parallel reorganization of ocean circulation since the late Turonian. This correlation is suggested 
by İNd
13&182LVRWRSHGDWD5RELQVRQ et al.0XUSK\DQG7KRPDV/LQQHUW et al., 
'RQQDGLHX et al.0RLURXG et al., 2016) and a recently published break up model for the 
$WODQWLF2FHDQ*UDQRWDQG'\PHQW$FFRUGLQJWR%LFH et al.DQG/LQQHUW et al. (2014) 
a parallel decrease in greenhouse gases may have strengthened the tectonic effects. The timing of 
WKHSDODHRFOLPDWHDQGSDODHRJHRJUDSKLFPRGL¿FDWLRQVSHUIHFWO\FRUUHODWHVZLWKWKHSURSRVHGDJHRI
the McDuff unconformity (Turonian) by Dingle et al. (1978) and the onset of the vigorous circulation 
FDXVLQJWKHKLDWXVDWWKH0R]5
Uenzelmann-Neben et al.VLPXODWHGVHYHUDOZDWHUPDVVHVEHLQJDFWLYHGXULQJWKH/DWH&UH-




recirculation of ISOW through the South Atlantic Ocean. Deepening of the passage south of the Agul-
has Plateau (Castelino et al., 2016) gave way to an open deep water circulation between Southern 
$WODQWLFDQG,QGLDQ2FHDQVLQFHa0DZLWKGHHSZDWHUSUREDEO\RULJLQDWLQJLQWKH:HGGHOO6HD
UHJLRQRIWKH6RXWKHUQ2FHDQEODFNDUURZSRLQWLQJWRZDUGV1(LQ)LJXUHE/DZYHU et al.
Donnadieu et al., 2016). 
We thus suggest that both surface (mixture of UPW and UNAW) and intermediate water (ISOW) 
were the probable sources for the shallow erosive circulation in the study area. This could explain 
WKHREVHUYHGZLGHGHSWKUDQJHRIWKHKLDWXVDWWKH0R]5:HK\SRWKHVL]HWKDWWKHEXONRIVXUIDFH
and intermediate circulation through the A–SO gateway (red and yellow arrows west of the Agulhas 
3DVVDJHLQ)LJXUHEZDVDWOHDVWWHPSRUDOO\ÀRZLQJDFURVVRXUVWXG\DUHDDQGIXUWKHURQZDUGV
into the Mozambique Basin. This would specify it as the major contributor to the proposed surface 
and intermediate circulation in the Mozambique Basin before late Campanian times (yellow and red 
DUURZLQ)LJXUHE'RQQDGLHX et al.8HQ]HOPDQQ1HEHQ et al., 2016). In order to verify this 
hypothesis one would need to compare Neodymium signatures of Cenomanian to late Campanian 
deposits in the NW Mozambique Basin with those reported for sites W of the study area (e.g., DSDP 
6LWH0XUSK\DQG7KRPDV







current control on sedimentation. This interpretation is supported by the observation of a large num-
EHURIVHGLPHQWGULIWVPRDWVDQGHURGHGDUHDV)LJXUH)LJXUHDQG)LJXUHUHGDQGEOXH
OLQHVLQ)LJXUHW\SLFDOO\UHVXOWLQJIURPFXUUHQWFRQWUROOHGVHGLPHQWDWLRQ)DXJqUHV et al.







Maastrichtian deposits of unit S2a are characterized by biogenic sediments (Simpson et al., 1974). 
High organic productivity requires a large supply of nutrients from nutrient-rich intermediate to deep 
water (Hay, 2011). Since deep current controlled sedimentation in the study area did not commence 
before late Eocene times (Schlüter and Uenzelmann-Neben, 2008b) we favour intermediate water 
DV WKHVRXUFH IRU WKHQXWULHQWULFKZDWHUDW WKH0R]5$IWHU LWVPLG&UHWDFHRXVXSOLIWSDUWVRI WKH
0R]5ZHUHSUREDEO\VWLOOVXEDHULDORUVXEPDULQH$VDFRQVHTXHQFHZHVXJJHVWWKDWERWKVXUIDFH
DQGLQWHUPHGLDWHFLUFXODWLRQZHUHFRQWUROOLQJGHSRVLWLRQRIVHLVPLFXQLW6DDWWKH0R]5GXULQJODWH




features (Brown et al. 0F&DYHDQG+DOO 6WRZ et al., 2009). We observe a general 
increase in the width of the erosional structures cutting into unit S2a when compared to the ero-
VLRQDOVWUXFWXUHVFXWWLQJLQWRXQLW6HJ)LJXUH&'3V±DQGLQVHW)LJXUH&'3V
±DQGLQVHW)LJXUHLQVHW7KLVLVLQWHUSUHWHGDVHYLGHQFHIRUDVXEVHTXHQWGHFUHDVHRI






al.6WRZ et al.1LHOVHQ et al.6WRZDQG)DXJqUHV7KLVLPSOLHVUHSHDWHG
PRGL¿FDWLRQRIWKHFLUFXODWLRQV\VWHPDWWKH0R]5GXULQJGHSRVLWLRQRIVHLVPLFXQLW6DZKLFKFDQ
EHFRUUHODWHGWRFKDQJHVLQSDODHRJHRJUDSK\DQGRUSDODHRFOLPDWHHJWKHSURSRVHGVKRUWWHUP










8HQ]HOPDQQ1HEHQ3DUVLHJOD et al., 2008) also contradict formation of the unconformity due 
to subaerial erosion.
The formation of Taylor caps above topographic highs accompanied by starvation of sediment sup-
SO\DERYHWKHVWUXFWXUH¶VWRSLVDZLGHVSUHDGIHDWXUH5REHUWV et al.5RGHQ&KDSPDQ
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DQG+DLGYRJHO&RQVLGHULQJWKDWWKHVHJPHQWVRIWKH0R]5UHSUHVHQWWRSRJUDSKLFKLJKVWKH
shallower parts may have been subject to Taylor cap formation. This could explain the limitation of 
QRQGHSRVLWLRQ WR WKHSURPLQHQWEDVHPHQWKLJKV LQ WKHVWXG\DUHD 0R]5DQG$JXOKDV3ODWHDX
'XHWRWKHVKDOORZHUGHSWKRIWKHF0R]5IRUPDWLRQRIWKH7D\ORUFDSDQGWKXVVWDUYDWLRQRIVHGLPHQW
supply also occurred in shallower depths. We interpret this as the cause for the observed differences 
LQWKHGLVWULEXWLRQRIVHLVPLFXQLW6DDWWKHF0R]5DQGWKHVZ0R]5
7KHRQVHWRIWKHFXUUHQWFRQWUROOHGVHGLPHQWDWLRQUHJLPHDWWKH0R]5EHWZHHQaDQG0DLV
in agreement with a major reorganization of global palaeocean circulation towards common deep 
and intermediate water masses in the Atlantic and Indian Ocean documented by a simultaneous 
VKLIWWRZDUGVOHVVUDGLRJHQLF1HRG\PLXPYDOXHV5RELQVRQ et al.0DUWLQ et al.0XUSK\
DQG7KRPDV5RELQVRQDQG9DQFH0XUSK\DQG7KRPDV0RLURXG et al., 2016). 
These authors attributed the change in Neodymium signatures to the progressive subsidence of 
/DUJH,JQHRXV3URYLQFHVDQGDUHGXFHGLQÀRZRIUDGLRJHQLFZDWHUIURPWKH3DFL¿FLQWRWKH6RXWK
Atlantic caused by a shallower Drake Passage. The initiation of a common circulation in the Atlantic 
DQG,QGLDQ2FHDQEDVLQVZDVDFFRPSDQLHGE\VLJQL¿FDQWFRROLQJRIVXUIDFHZDWHUDQGERWWRPZDWHU
temperatures (Huber et al./LQQHUW et al., 2014).
$Wa0DPXOWLSOHULGJHMXPSVVHSDUDWHGWKHIRUPHUVLQJOHODUJHSODWHDXOLNH5:6LQWRDQLVRODWHG
5LR*UDQGH5LVHZKLOHYROFDQLVPFRQWLQXHGRQWKH:DOYLV5LGJH5RKGH et al., 2013). The Walvis 
5LGJHVWLOOUHSUHVHQWHGDVLJQL¿FDQWEDUULHUWRLQWHUPHGLDWHDQGGHHSFLUFXODWLRQLQWKHVRXWKHDVWHUQ
segment of the South Atlantic during the late Campanian and Maastrichtian (Murphy and Thomas, 





As a consequence the bulk of the surface and intermediate water circulated from the South Atlantic 





ceous deposits (Castelino et al.
We therefore suggest a southward turn of surface and intermediate water in the north Mozambique 
%DVLQUHGDQG\HOORZFXUYHGDUURZLQ)LJXUHF9RLJW et al. (2013) and Donnadieu et al. (2016) 
proposed a maintenance of the existing eastward circulation of deep water originating in the South 
$WODQWLFWKURXJKWKH$±62JDWHZD\EODFNDUURZQRUWKRI$QWDUFWLFDLQ)LJXUHFGXULQJ&DPSDQLDQ
and Maastrichtian times. Deep circulation into the Transkei Basin through the Agulhas Passage was 



















mid-Cretaceous uplift along with an erosive circulation in the study area that commenced in 
a7XURQLDQWLPHV7KLVRQVHWRIDFLUFXODWLRQLQWKHVWXG\DUHDZDVFDXVHGE\VHYHUDOUHJLRQDO
HJRSHQLQJRI WKH$JXOKDV3DVVDJHDQGJOREDOPRGL¿FDWLRQVHJRSHQLQJRI$WODQWLF
Ocean) of palaeogeography, palaeoclimate and palaeocean circulation. 
(3) 2QVHWRIFXUUHQWFRQWUROOHGVHGLPHQWDWLRQDWWKH0R]5LQODWH&DPSDQLDQWLPHVa0DDV
DUHVXOWRIPRGL¿FDWLRQVWRVXUIDFHDQGLQWHUPHGLDWHZDWHUFLUFXODWLRQWKURXJKWKH$JXOKDV
3DVVDJH'ULYLQJ IDFWRUVRI WKHPRGL¿FDWLRQVPD\KDYHEHHQ WKH LQLWLDWLRQRI GHHSZDWHU
mass exchange between the Northern Atlantic, Southern Atlantic and Indian Ocean along 
ZLWKDSURJUHVVLYHEUHDFKLQJRIWKH5:6DQGDGLPLQLVKHGLQÀRZRI3DFL¿F:DWHUWKURXJK
the Drake Passage.
Current controlled sedimentation in the northern A–SO gateway thus started long before deep circu-
ODWLRQDIIHFWHGVHGLPHQWGLVWULEXWLRQLQODWH(RFHQHHDUO\2OLJRFHQHWLPHV%HQ$YUDKDP et al.
Schlüter and Uenzelmann-Neben, 2008b). Our data shows that even though bathymetric structures 
OLNHWKH0R]5DQGWKH$JXOKDV3ODWHDXGLGQRWREVWUXFWWKHFLUFXODWLRQFRPSOHWHO\GXULQJWKH/DWH
Cretaceous they actively altered circulation pathways.
Drill core data and geochemical analyses (especially İNdIURPGLIIHUHQWVLWHVDWWKH0R]5DQGLQWKH
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Abstract
0DMRUSDODHRFHDQRJUDSKLFPRGL¿FDWLRQVKDYHFKDUDFWHULVHGWKH1HRJHQHFLUFXODWLRQLQWKH$IULFDQ±
Southern Ocean gateway where several water masses originating in the Atlantic, Indian and South-
ern oceans meet and mix. This palaeo-circulation is reconstructed based on MCS data collected 
DFURVVWKHVRXWKHUQ0R]DPELTXH5LGJH7KHGDWDVKRZVWZRPLG0LRFHQHWR+RORFHQHVHGLPHQWDU\
units separated by an early Pliocene to Pleistocene hiatus. The occurrence of contourites and ero-
sional structures in the mid-Miocene to early Pliocene seismic unit are interpreted as evidence for 
the onset of Neogene current controlled sedimentation as a result of West Antarctic glaciation and 
the closure of the Indonesian gateway. The Pliocene-Pleistocene transition marks a distinct change 
LQWKH$IULFDQ±6RXWKHUQ2FHDQJDWHZD\VXEVHTXHQWWRWKH¿QDOFORVXUHRIWKH&HQWUDO$PHULFDQ6HD-
ZD\DQGWKH1RUWKHUQ+HPLVSKHUH*ODFLDWLRQZLWKDUHORFDWLRQRIERWWRPZDWHULQÀRZWRWKH$JXOKDV
Passage and the inception of two branches of deep water circulation. Our results show that the two 
events initiated the onset of free deep circulation from the Atlantic into the Indian Ocean, whereas 
VKDOORZHUFLUFXODWLRQGHFUHDVHGGXHWRWKH¿QDOFORVXUHRIWKH,QGRQHVLDQJDWHZD\7KHVHFKDQJHV
are interpreted as the onset of a modern circulation that has continued up to the present day. 
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6.1. Introduction
The global thermohaline circulation is strongly affected by the water mass exchange in the African–
Southern Ocean (A–SO) gateway. Here, cold and warm water masses originating in the Atlantic, 
WKH,QGLDQDQGWKH6RXWKHUQ2FHDQVPHHWDQGPL[)LJXUH/XWMHKDUPV1XPHURXVVWXG-
ies have been carried out around South Africa with the purpose of analyzing the recent circulation 
scheme (e.g., Arhan et al.<RX et al., 2003). Whereas the recent movement of water mass-
es off South Africa is well understood, the palaeocirculation and hence palaeoceanographic and 
palaeoclimatic conditions remain uncertain. The water masses leave traces of their activity in the 
sedimentary record, which in turn can be used for reconstruction of palaeocirculation pathways and 
intensities. These traces may appear as geochemical proxies like İNd isotope signatures (e.g., Frank 
et al.RUDVVHGLPHQWDU\IHDWXUHVHJFRQWRXULWHGULIWVLQVHLVPLFUHFRUGVHJ5HEHVFR et 
al., 2014). 
The Cenozoic history of current controlled sedimentation in the A-SO gateway has been the subject of 
a number of publications with its onset being proposed in Eocene to Oligocene times following major 
palaeoceanographic changes (Uenzelmann-Neben et al.6FKOWHUDQG8HQ]HOPDQQ1HEHQ
E8HQ]HOPDQQ1HEHQDQG+XKQ+RZHYHU WKHRFFXUUHQFHRID ODWH0DDVWULFKWLDQ WR
PLG±0LRFHQHKLDWXVDWWKH0R]56LPSVRQ et al.8HQ]HOPDQQ1HEHQ et al.)LVFKHU et 
al.)LVFKHUDQG8HQ]HOPDQQ1HEHQDSRLQWWRZDUGVODUJHUHJLRQDOGLIIHUHQFHVLQWKH
FLUFXODWLRQUHJLPHZLWKLQWKHJDWHZD\7KHSUREDEOHFDXVHRIWKHOLPLWDWLRQRIWKHKLDWXVWRWKH0R]5

























































































































Uenzelmann-Neben, 2016): Agulhas Current (yellow), Antarctic Bottom Water (black), Antarctic Intermediate 
:DWHURUDQJHDQG1RUWK$WODQWLF'HHS:DWHUSXUSOH2UDQJHVWDUPDUNVWKHORFDWLRQRI'6'3/HJ6LWH
RQ WKHQRUWKHUQ0R]DPELTXH5LGJH5HGER[ LQGLFDWHVVWXG\DUHDVKRZQ LQ)LJXUH$3 $JXOKDV
3ODWHDX$3D $JXOKDV3DVVDJHF0R]5 FHQWUDO0R]DPELTXH5LGJH0% 0R]DPELTXH%DVLQ0R]5 






etzner and Uenzelmann-Neben, 2016). 
:LWKWKHVHGLPHQWDU\UHFRUGRIWKH0R]5EHLQJDQDUFKLYHRIWKHPDMRUUHRUJDQLVDWLRQVRISDODH-
ocean circulation in the Atlantic, Indian and Southern Oceans during the Paleogene, Neogene and 
4XDWHUQDU\/HFODLUH8HQ]HOPDQQ1HEHQ et al., 2011) the ridge represents an important lo-
cation within the A–SO gateway. The area is well suited to examine palaeocean circulation because 
it is topographically isolated from downslope sediment transport from the East African continent. 
The entire sedimentary record thus formed by a combination of pelagic and current-controlled sedi-
PHQWDWLRQ/HFODLUH6LPSVRQ et al.8HQ]HOPDQQ1HEHQ et al.)LVFKHUDQG8HQ-
zelmann-Neben, 2017a). Therefore, any reworking or erosion of deposits has resulted from current 
DFWLYLW\ ,Q WKLVVWXG\ZHIRFXVRQWKH1HRJHQHDQG4XDWHUQDU\SDODHRFLUFXODWLRQDW WKH0R]5E\
LQYHVWLJDWLQJQHZKLJKUHVROXWLRQPXOWLFKDQQHOVHLVPLFUHÀHFWLRQGDWDIURPWKHVRXWKHUQSDUWRIWKH
topographic high.
6.2. Background and settings
6.2.1. Geologic and palaeoceanographic setting
:LWKDOHQJWKRIXSWRaNP1WR6DQGDZLGWKRIXSWRaNP(WR:WKH0R]5UHSUHVHQWV




aseismic ridge consists of a narrower northern and a wider southern part, which comprises three 
VHJPHQWV WKH FHQWUDO0R]5 F0R]5 WKH VRXWKZHVWHUQ0R]5 VZ0R]5 DQG WKH VRXWKHDVWHUQ
0R]5VH0R]57KHGLVWULEXWLRQRI WKHXSWRaPV7:7WKLFNVHGLPHQWDU\VHTXHQFHDW WKH
VRXWKHUQ0R]5LVODUJHO\FRQWUROOHGE\LWVXQGHUO\LQJEDVHPHQWVWUXFWXUHDQGVKRZVDJHQHUDOWKLQ-





WDFHRXVDQG1HRJHQHPDJPDWLFUHDFWLYDWLRQ WKDW LQÀXHQFHGVHGLPHQWGLVWULEXWLRQ*LUGOH\ et al., 
)LVFKHU et al.)LVFKHUDQG8HQ]HOPDQQ1HEHQD$¿UVWVKRUWSHULRGRIFXUUHQW
FRQWUROOHGVHGLPHQWDWLRQDWWKHVRXWKHUQ0R]5FRPPHQFHGLQWKHODWH&DPSDQLDQa0DVXEVH-







(Simpson et al.)LVFKHU et al.ZKLFK/HFODLUHDWWULEXWHGWRWKHVWURQJZHVWZDUG
ÀRZRIDSUH,QGLDQ2FHDQ6RXWK(TXDWRULDO&XUUHQW$FFRUGLQJWR8HQ]HOPDQQ1HEHQ et al. (2011) 
WKHa0\UKLDWXVZDVIROORZHGE\WKHPLG0LRFHQHa0DRQVHWRI1HRJHQHFXUUHQWFRQWUROOHG
VHGLPHQWDWLRQDWWKH0R]57KHSURSRVHGFDXVHIRUFRPPHQFLQJRIWKHFXUUHQWFRQWUROOHGVHGLPHQ-
tation was a major reorganisation of deep circulation due to the glaciation of West Antarctica along 
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with the initiation of the Miocene Indian Ocean Equatorial Jet (MIOJet) that dominated the shallow 
FLUFXODWLRQLQWKH,QGLDQ2FHDQXQWLOa0D=DFKRV et al.*RXUODQ et al.6FKOWHUDQG
8HQ]HOPDQQ1HEHQE8HQ]HOPDQQ1HEHQ et al., 2011). A subsequent decrease of the MIO-
-HWGXHWR¿QDOFORVXUHRIWKH,QGRQHVLDQJDWHZD\DQGWKHRQVHWRI1RUWKHUQ+HPLVSKHUHJODFLDWLRQ
UHVXOWHGLQPRGL¿FDWLRQVRIWKHZDWHUPDVVHVEDWKLQJWKH0R]5=DFKRV et al.)UDQN et al., 
*RXUODQ et al. 6FKOWHU DQG8HQ]HOPDQQ1HEHQ E8HQ]HOPDQQ1HEHQ et al., 
2011).
Nowadays, circulation in the African–Southern Ocean gateway is basically driven by four water mass-
es (inset of Figure 6.1) that are either sourced in the Southern Ocean (surface, intermediate and bot-
tom water) or in the North Atlantic (deep water). The Agulhas Current (yellow arrow in inset of Figure 













of both NADW and AABW in the Indian Ocean. 
6.2.2. Seismic stratigraphy
We here apply the seismo-stratigraphic model by Fischer et al. (2017). Their model is based on a 
FRUUHODWLRQRIaNPKLJKUHVROXWLRQ0&6UHÀHFWLRQSUR¿OHVDFTXLUHGDWWKHVRXWKHUQ0R]5







PLG0LRFHQHWR+RORFHQH0DXQLW6E)LVFKHU et al., 2017). 
7ZRORQJODVWLQJKLDWXVHVZHUHLGHQWL¿HGDW'6'36LWH6LPSVRQ et al., 1974) and correlated with 
major unconformities in the seismic record (Fischer et al.WKH¿UVWa±0DVHSDUDWLQJ
WKHWZR&UHWDFHRXVXQLWVDQGWKHVHFRQGa±0DWKH/DWH&UHWDFHRXVXQLW6DIURPWKH1HR-
gene unit S2b. Owing to the focus of this study on the Cenozoic only those deposits will be discussed 
here. Please refer to Fischer et al. (2017) and Fischer and Uenzelmann-Neben (2017a) for a detailed 
GHVFULSWLRQRIWKH&UHWDFHRXVXQLWVDWWKHVRXWKHUQ0R]5
Fischer et al. (2017) correlated seismic unit S2b with the foram nanno ooze of lithostratigraphic unit I 








upper part of seismic unit S2b. In contrast to Fischer et al. (2017) who addressed both parts as 
seismic unit S2b, we here introduce a subdivision into the lower seismic unit S2b-I (red horizon in 
Figure 6.2 = top of unit S2b-I) and the upper seismic unit S2b-II (blue horizon in Figure 6.2 = top of 
XQLW6E,,VHDÀRRU7DEOH:KLOHVHLVPLFXQLW6E,LVFKDUDFWHUL]HGE\XQGXODWLQJPRVWO\ZHDN








































characteristics of the units refer to chapter 6.2.2. Thick blue line = top of Pleistocene to Holocene unit S2b-II, 
thick red line = top of mid-Miocene to early Pliocene unit S2b-I, thick green line = top of Cretaceous unit. The 
&UHWDFHRXVLVPDVNHGLQWKHLQWHUSUHWHGVHFWLRQ5HGKDWFKHG360 ODWH1HRJHQHSRVWVHGLPHQWDU\PDJPDWLF
structure (Fischer et al., 2017). Colour coded circles denote current during deposition of the respective units 
(red = S2b-I, blue = S2b-II, black = valid for both intervals). The textured bars indicate the present day depth 
intervals of the water masses. AABW = Antarctic Bottom Water, AAIW = Antarctic Intermediate Water, NADW 
= North Atlantic Deep Water. For horizontal scale refer to interpreted section. Vertical exaggeration (VE) of all 
VKRZQ0&6SUR¿OHVLVa
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Biostratigraphic age determinations by Simpson et al. VKRZHG WKDW3OHLVWRFHQH a0D
VHGLPHQWVXQFRQIRUPDEO\RYHUOLHPDWHULDORIHDUO\3OLRFHQHa0DLQFRPSOHWH%ORZ¶V=RQH1
at DSDP Site 249. They attributed the unconformity to the occurrence of a hiatus spanning large 





PRGL¿HGVHLVPRVWUDWLJUDSKLFPRGHORI)LVFKHU et al. (2017) described in chapter 6.2.2. We mapped 
WKHWRSUHÀHFWRURIHDFKVHLVPLFXQLW&UHWDFHRXV6E,DQG6E,,WKURXJKRXWWKHVWXG\DUHDDQG
calculated the thicknesses of the late Cenozoic units. The results were used for the computation of 
WKHJULGGHGPDSVHJ)LJXUH:HZDQWWRHPSKDVL]HWKDWWKHSUHVHQWHGPDSVDUHDIÀLFWHG
ZLWKXQFHUWDLQWLHVRZHGWRWKHVSDFLQJRIWKHVHLVPLFUHÀHFWLRQSUR¿OHV1RQHWKHOHVVWKHJHQHUDO
thickness and depth trends of the depicted sedimentary deposits are correct. The outlines of the de-
SRFHQWUHVDUHGH¿QHGE\WKHURRWPHDQVTXDUHUPVWKLFNQHVVRIWKHUHVSHFWLYHXQLW7KHRULHQWDWLRQ
and location of the depocentres are interpreted with respect to the prominent basement elevations of 
WKH0R]5DQGWKHPRUSKRORJ\RIWKHXQGHUO\LQJKRUL]RQ
We here interpret pathways of the palaeocurrents from the location of sedimentary features (e.g., 
contourite drifts) and erosional features (e.g., moats) under the prerequisite that in the Southern 
+HPLVSKHUH&RULROLV IRUFHGHÀHFWVFXUUHQWV WR WKH OHIW WKHUHE\HURGLQJ WKH ULJKW ÀDQNRI WKHGULIW
Table 6.1. Seismic stratigraphy for the Cenozoic units in the study area.
Cenozoic seismic units Unit S2b-II Unit S2b-I
7KLFNQHVVPV7:7506WKLFN-
ness (ms TWT) ± ±
Age (Ma)a 0–2.6 ±
Materiala
Similar to S2b-I but higher per-
centage of foraminifera and lower 
percentage of clay
foram nanno ooze, varying 
amounts of foraminifera, clay and 
chalk
Seismic characteristicsb




mostly undulating continuous 
UHÀHFWLRQVZLWKZHDNWRPRGHUDWH




5HPDUNV unconformably overlying S2b-I hiatus on top of S2b-I
aSimpson et al. (1974) 
bFischer et al. (2017)
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ZKHUHDVVORZHUÀRZDQGGHSRVLWLRQRFFXUV WR WKH OHIW )DXJqUHV et al.:KHUH WKHÀRZ LV
FRQVWUDLQHGDORQJD WRSRJUDSKLFKLJK HJD ULGJH WKH&RULROLVHIIHFWDJDLQGHÀHFWV WKHÀRZ WR
WKHOHIW6RXWKHUQ+HPLVSKHUHHIIHFWLYHO\FRQVWUDLQLQJWKHÀRZDJDLQVWWKHULGJH$VDUHVXOWWKH
ÀRZLQWHQVL¿HVHURVLRQRFFXUVDQGDPRDWGHYHORSV/RZHUYHORFLWLHVWRWKHULJKWRIWKHÀRZIDYRXU
deposition and drift construction, with the drift tending to migrate towards the ridge and to decrease 
LWVUHOLHIGRZQVWUHDP)DXJqUHV et al.5HEHVFRDQG6WRZ6WRZ et al., 2002). Variations 
LQERWWRPFXUUHQWDFWLYLW\DWWKH0R]5ZHUHFRUUHODWHGZLWKSDODHRFHDQRJUDSKLFHYHQWVDQGWHFWRQLF
and palaeogeographic changes to draw conclusions about the driving forces of the Neogene to Qua-
ternary circulation in the study area.
6.4. Results
6.4.1. 'LVWULEXWLRQRIVHLVPLFXQLW6E0D
The mid–Miocene to Holocene sediments of unit S2b overlie the deposits of the Cretaceous unit 
JUHHQOLQHLQDOO0&6SUR¿OHVZKLFKFRPSULVHVWKHPDJPDWLFEDVHPHQWa±0DVHLVPLF
XQLW6a±0DDQGVHLVPLFXQLW6Da±0D3OHDVHUHIHUWR)LVFKHU et al. (2017) and 
Fischer and Uenzelmann-Neben (2017a) for a detailed description of the individual Cretaceous units.
 





topography of the unit’s top. The areas below the rms depth correlate with the transition zone into the 
surrounding basins (Figure 6.3a).
The Neogene to Quaternary unit S2b drapes the top of the Cretaceous and shows a highly variable 
























































ms TWT). Thick magenta contour indicates rms depth contour of underlying Cretaceous. Blue number alongside 
colour scale indicates minimum vertical resolution.
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Figure 6.4. 3DUWLQWHUSUHWHGXQLQWHUSUHWHGRI0&6SUR¿OHV$:,OHIWDQG$:,±ULJKW
/RFDWLRQRIWKHSUR¿OHVLVVKRZQLQ)LJXUH+RUL]RQWDOVFDOHLVVKRZQLQWKHLQWHUSUHWHGVHFWLRQ)RUFRORXUV




strongly decreases towards the shallower parts of the Cretaceous (Figure 6.2 CDPs 8200–8600, 
Figure 6.3b). 







&'3V±)LJXUHD0RVWRI WKHXQLW¶VGHSRFHQWUHV JUHHQ WR UHGDUHDV LQ)LJXUH
6.6a) are located below the Cretaceous unit’s rms depth contour (thick magenta contour in Figure 





















































Figure 6.6.  (a) Isopach map of the mid–Miocene to Pliocene seismic unit S2b-I. Thick black contours repre-
VHQWUPVWKLFNQHVVPV7:7JUHHQQXPEHUDORQJVLGHFRORXUVFDOHWKLQEODFNFRQWRXUVUHSUHVHQWWKLFN-
QHVVHVPV7:7LQWHUYDORIPV7:77KLFNPDJHQWDFRQWRXULQGLFDWHVUPVGHSWKFRQWRXURIXQGHU-
lying Cretaceous unit. Blue number alongside colour scale indicates minimum vertical resolution. Symbols are 
described in Figure 6.3. (b)'HSWKPDSPV7:7WKLQEODFNPV7:7GHSWKFRQWRXUVWKLFNPDJHQWDUPV







































Figure 6.1. Horizontal scale is shown in the interpreted section. For colours and symbols refer to Figure 6.2.
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QHVVDYHUDJHVHLVPLFYHORFLW\DQGDJHUHVXOWVLQDVHGLPHQWDWLRQUDWHRIaP0\U-1.
We observe only a slight difference between the depth of subunit S2b-I (Figure 6.6b) and that of the 
&UHWDFHRXVXQLWRQWRSRIWKH0R]5VHJPHQWV)LJXUHD$VDFRQVHTXHQFHRIWKHWKLFNGHSRVLWV
LQ WKHWUDQVLWLRQ]RQHWRWKHVXUURXQGLQJEDVLQVWKHRYHUDOODSSHDUDQFHRI WKHXQLW¶V WRS LVVLJQL¿-
FDQWO\VKDOORZHUWKDQWKDWRIWKH&UHWDFHRXVXQLW)LJXUH&'3V±)LJXUH&'3V
±)LJXUHE7KLVUHVXOWVLQDGHFUHDVHRIWKHUPVGHSWKRIVHLVPLFXQLW6E,WR




























































ferent domains (time vs. depth) the gridded S2b-II depth map shows a good correlation with the 




6.4.2. Contourites and erosional structures
&RQWRXULWHVDUHVHGLPHQWVGHSRVLWHGRUVLJQL¿FDQWO\DIIHFWHGE\SURORQJHGERWWRPFXUUHQWDFWLYLW\
ZLWKORQJWHUPPHDQYHORFLWLHVEHORZPV-1 (Stow et al.6WRZDQG)DXJqUHV6WRZ et 
al.5HEHVFR et al.$Q\VHPLSHUPDQHQWFXUUHQWWKDWDIIHFWVWKHVHDÀRRUE\UHVXVSHQG-
LQJWUDQVSRUWLQJRUFRQWUROOLQJWKHGHSRVLWLRQRIVHGLPHQWVPD\EHFDOOHGDERWWRPFXUUHQW5HEHVFR 
et al.6WRZ et al., 2008). The drifts are usually oriented parallel to the bathymetric contours and 
their geometries are controlled by the bathymetric framework, the current velocity and variability, the 
amount and type of sediment available, and the length of time over which the bottom current activity 
KDVRSHUDWHG)DXJqUHVet al.8HQ]HOPDQQ1HEHQ et al.0OOHU0LFKDHOLVet al., 2013).













































Figure 6.8. (a) Isopach map of the Quaternary seismic unit S2b-II. Thick black contours represent rms thick-
QHVVPV7:7JUHHQQXPEHUDORQJVLGHFRORXUVFDOHWKLQEODFNFRQWRXUVUHSUHVHQWWKLFNQHVVHVPV
TWT (interval of 100 ms TWT). Thick magenta contour indicates rms depth contour of underlying seismic unit 
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%RGLHVRIKRPRJHQHRXVZHDNDPSOLWXGHUHÀHFWLRQVDUHDVVRFLDWHGZLWKFRQVWDQWFXUUHQWFRQGLWLRQV
ZKHUHDVDOWHUQDWLRQVRIZHDN WRPRGHUDWHDPSOLWXGH UHÀHFWLRQVZLWKVWURQJDPSOLWXGH UHÀHFWLRQV
XVXDOO\ LQGLFDWH YDULDWLRQV LQ FXUUHQW LQWHQVLWLHV RU SDWKZD\V )DXJqUHV et al.  6WRZ et al., 
2002). High-velocity currents may also cause erosion or non-deposition of sediments that manifests 




6.4.2.1. Mid–Miocene to early Pliocene structures (~15–5 Ma; unit S2b-I)
Depositional structures resulting from current controlled sedimentation during Mid-Miocene to ear-
ly Pliocene times occur in all depths throughout the study area (red lines in Figure 6.9a). Moats 
and scouring of the sedimentary cover are a common feature in the shallower parts of the study 












Towards the southern part of the passage we observe well-developed erosional surfaces and an 
DEVHQFHRIGULIWVWUXFWXUHVJUHHQOLQHVDURXQG(6LQ)LJXUHD






















In the shallower parts of the study area we observe an increase in the number of drift structures 







its (Figure 6.4 CDPs 300–700). 
We observe strong spatial variations in the distribution of the deeper Quaternary depositional and 
erosional structures between the western and southern part of the study area (red and green lines 
EHORZ WKLFN WXUTXRLVHFRQWRXU LQ)LJXUHD$W WKHZHVWHUQÀDQNVRI WKHVRXWKHUQ0R]5GULIWV
and moats occur only adjacent to steep topographic elevations (e.g., east of the PSM structure in 
)LJXUH&'3V±$VRSSRVHGWRWKDWZHREVHUYHDODUJHQXPEHURIGULIWVDQGHURVLRQDO
structures in the southern part of the study area and in the deeper parts of the passage between the 
F0R]5DQGVZ0R]5+HUHWKHHDVWHUQÀDQNRIWKHVZ0R]5LVFRQWRXUHGE\DPRDWVFRXULQJWKH
Quaternary deposits and eroding parts of seismic unit S2b-I down to the top of the Cretaceous unit 
)LJXUH&'3V±


























































contours). The turquoise and light blue depth contours indicate the boundary between Antarctic Intermediate 
:DWHU$$,:DQG1RUWK$WODQWLF'HHS:DWHU1$':aPEVOPV7:7DQGEHWZHHQ1$':DQG
$QWDUFWLF %RWWRP:DWHU $$%: aPEVOPV7:7 UHVSHFWLYHO\ 2EVHUYHG GHSRFHQWUHV KDWFKHG
in yellow), drift bodies (red lines), sediment waves (wavy white lines on top of red lines) and erosional struc-
WXUHVJUHHQ OLQHVRIVHLVPLFXQLW6E,DUHSORWWHGRQWRSF0R]5 FHQWUDO0R]DPELTXH5LGJHVH0R]5 




pathways of AAIW (orange), NADW (purple) and AABW (black). The red numbers (1a, 1b) indicate different 
pathways of NADW. MB = Mozambique Basin, SNV = Southern Natal Valley, TB = Transkei Basin.
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Figure 6.10.  (a)*UH\VFDOHGHSWKPDSRIVHLVPLFXQLW6E,, VHDÀRRUPV7:7EODFNPV7:7GHSWK
contours) with observed Quaternary depocentres (hatched in yellow), drift bodies (red lines) and erosional struc-
tures (green lines) shown on top. Abbreviations and colour code of blue contours as in Figure 6.9a. (b) Colour 
FRGHGGHSWKPDSPV7:7EODFNPV7:7GHSWKFRQWRXUVRI4XDWHUQDU\VHLVPLFXQLW6E,, VHDÀRRU
with inferred circulation pathways of AAIW, NADW and AABW. Colour code and abbreviations as in Figure 6.9b. 
The red numbers (1a, 1b, 1c) indicate the pathway of the northern NADW branch, whereas the black ‘2’ indi-











only shows partial scouring or non-deposition of deposits.
,QGHSWKVEHORZaWRPV7:7ZHREVHUYHDQHDVWZHVWWUHQGLQJPRDWDORQJWKHVRXWKHUQ
0R]5JUHHQOLQHVDGMDFHQWWRWKLFNOLJKWEOXHFRQWRXULQ)LJXUHD:LWKLQWKHPRDWZHREVHUYH
a strongly reduced Quaternary sediment cover and in places erosion into the underlying Neogene 
deposits. Towards the east we observe a widening of the moat and the occurrence of a sheeted drift 
covering large parts of the southernmost study area (red lines in southernmost part of Figure 6.10a). 
6.5. Discussion
The late Cenozoic period was characterized my major palaeoceanographic, -climatic and tectonic 
FKDQJHV ,QRUGHU WRUHFRQVWUXFW WKH LPSDFWRI WKHVHPRGL¿FDWLRQVRQWKHSDODHRFLUFXODWLRQ LQ WKH





6.5.1. Mid-Miocene to early Pliocene palaeoceanographic implications (unit S2b-I)
7KHORQJODVWLQJ3DODHRJHQHWR1HRJHQHKLDWXVDWWKH0R]5VHHPVWREHDXQLTXHIHDWXUHZLWKLQWKH






obstructed the Neogene circulation in the A–SO gateway.
7KHWLPLQJRIWKHRQVHWRIFXUUHQWFRQWUROOHGVHGLPHQWDWLRQDWWKH0R]5FRLQFLGHVZLWKPDMRU0LRFHQH
palaeoceanographic changes in the Southern Ocean. According to Schlüter and Uenzelmann-Neben 
EPRGL¿FDWLRQVRIWKH$QWDUFWLF&LUFXPSRODU&XUUHQWLQUHVSRQVHWRWKHPLG0LRFHQHFRROLQJ







separates it from the depocentres located farther away in the surrounding basins (hatched in yellow 
in Figure 6.9a). Along with the observed geometries and migration direction of the adjacent contour-






et al., 2011). We observe a large number of contourites occurring in the activity interval of NADW 
(red lines between thick turquoise and thick light blue contours in Figure 6.9a, light blue areas in 





eastern Natal Valley was proposed by Dingle et al.DVDUHVXOWRIWKH1DXGH5LGJHKLQGHULQJ
its further northward progress.
7KHGULIWJHRPHWULHVHJ)LJXUH&'3V±DQGGLVWULEXWLRQRIWKHGHSRFHQWUHVKDWFKHG
in yellow in Figure 6.9a) in the southern part of the study area suggest that NADW circulation con-
WLQXHGHDVW WR QRUWKHDVWZDUGDORQJ WKH ÀDQNVRI VZ0R]5DQG F0R]5EHIRUH OHDYLQJ WKH VWXG\
area towards the northeast (purple arrow with red ‘1a’ in Figure 6.9b). The occurrence of the drift 
DWWKHZHVWHUQÀDQNRIWKHF0R]5IDFLQJWKHVZ0R]5)LJXUH&'3V$:,±
AWI-20140216) point towards parts of NADW circulation happening in a south- to south-eastward 
direction between both segments through a narrow corridor (purple arrow associated with red ‘1b’ in 
Figure 6.9b). 
Most of the contourite drifts occurring in depths similar to modern AABW and NADW show lower am-
SOLWXGHUHÀHFWLRQVDOWHUQDWLQJZLWKVWURQJHUDPSOLWXGHUHÀHFWLRQVHJ)LJXUH&'3V±
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ice caps and sea ice, or a tectonic origin, for example the closing of gateways that control water 





Poore et al.  UHVROYHG ODWH1HRJHQHVKRUWWHUPÀXFWXDWLRQVRI WKHSHUFHQWDJHRI1$': LQ
the Southern Ocean and correlated these with vertical motions of the Denmark Straits. The gradual 
shoaling of the Central American Seaway (CAS) during the late Neogene largely controlled activity 
and intensity of NADW in the Southern Ocean (Frank et al. 2¶'HD et al.  8HQ]HO-
mann-Neben et al., 2016). However, Coates et al.SURSRVHGDSHULRGRIVLJQL¿FDQWGHHSHQLQJ
RI WKH&$6EHWZHHQDQG0D$VWHSZLVH LQWHQVL¿FDWLRQRI1$':ZDVSRVWXODWHGGXULQJ ODWH
0LRFHQHEHWZHHQDQG0D%LOOXSV'LHNPDQQ et al., 2003). We hypothesize that the 
SURPLQHQWFKDQJHLQUHÀHFWLRQJHRPHWULHVREVHUYHGLQVHYHUDOGULIWVHJKDWFKHGUHGOLQHLQ)LJXUH
&'3V±PD\UHSUHVHQWWKLVVWHSZLVHLQFUHDVHGXULQJWKHODWH0LRFHQHSKDVHRI&$6
deepening. We therefore suggest that the observed seismic characteristics of the drifts in depths 
VLPLODU WRPRGHUQ1$':HJDOWHUQDWLQJVWURQJDQGZHDNDPSOLWXGHUHÀHFWLRQVGLVFRQWLQXLWLHV
ZHUHOLNHO\DIDU¿HOGHIIHFWRIWHFWRQLFPRGL¿FDWLRQV
We observe only a thin mid-Miocene to early Pliocene sedimentary cover and almost complete ab-
VHQFHRIGHSRFHQWUHVLQWKHGHSWKVDERYHaPV7:7aPHWUHVEHORZVHDOHYHOWXUTXRLVH
areas in Figure 6.9b). This is accompanied by the occurrence of several erosional features (green 
lines enclosed by turquoise contours in Figure 6.9a) that in places truncate the underlying deposits 
HJ)LJXUH&'3V±:HLQWHUSUHWWKLVDVHYLGHQFHIRUWKHDFWLYLW\RIDVWURQJVKDOORZHU
water mass that caused non-deposition or erosion. Drifts occur only occasionally and are located 
next to erosional features (red lines enclosed by turquoise contours in Figure 6.9a). 
According to Kuhnt et al. (2004) and Gourlan et al. (2008) the converging Australian and Sunda-
land-Eurasian plates led to a major reorganization of Indian Ocean circulation during the mid-Miocene 
by establishing a strong westward current (MIOJet). It was suggested that the MIOJet strengthened 
DQGPRGL¿HGWKHVKDOORZHUFLUFXODWLRQDWWKHVRXWKHUQ0R]5GXULQJPLG0LRFHQHWRHDUO\3OLRFHQH
times (Uenzelmann-Neben et al.SULRUWRLWVGHFUHDVHGXHWRWKH¿QDOFORVXUHRIWKH,QGRQHVLDQ
*DWHZD\&DQHDQG0ROQDU*RXUODQ et al., 2008). 
:HWKHUHIRUHVXJJHVWWKDWDVRXWKZHVWWRZHVWZDUGLQWHQVLYH$$,:ÀRZHGWKURXJKWKHVWXG\DUHD
WKHUHE\ OHDGLQJ WRQRQGHSRVLWLRQRUHURVLRQDW WKHF0R]5DQG WKHVZ0R]5 VRXWKZHVWGLUHFWHG
RUDQJHDUURZ LQ)LJXUHE7KLVSDWKZD\ LV LQDFFRUGDQFHZLWKDSRVWXODWHGVRXWKZDUGÀRZRI
AAIW causing erosional patches at the eastern Agulhas Plateau in depths above 2000 m during the 
Neogene (Uenzelmann-Neben et al., 2007). The occurrences of several smaller drift bodies on the 
HDVWHUQÀDQNRIWKHF0R]5LQGLFDWHSDUWVRI$$,:FLUFXODWHGDURXQGLWVÀDQNVDQWLFORFNZLVHRUDQJH
arrow in Figure 6.9b).
6.5.2. Implementation of the modern circulation scheme in the A–SO gateway (unit S2b-II) 
7KH UHÀHFWLRQVRI WKH3OHLVWRFHQH WR+RORFHQHVHLVPLFXQLW6E,,XQFRQIRUPDEO\RYHUOLHVHLVPLF








onlap on underlying seismic unit) that were attributed to an increase in the glaciation cycle frequency, 
responsible for sea level variation and variations in the sediment supply (Dingle and Camden-Smith, 




(areas hatched in yellow south of thick light blue contour in Figure 6.10a). The depocentres correlate 
with the occurrence of sheeted drifts that exhibit a continuous northward migration of their crests (red 
OLQHVVRXWKRIWKH0R]5LQ)LJXUHD)XUWKHUPRUHWKHGULIWVDUHVHSDUDWHGIURPWKHVWHHSÀDQNV




al., 2016) and the onset of Northern Hemisphere Glaciation (Bartoli et al.







of Northern Hemisphere Glaciation caused AABW to circulate eastward through the A–SO gateway 
DORQJWKHVRXWKHUQÀDQNVRIWKH0R]5DQGLWVFRQWLQXDWLRQLQWRWKH0R]DPELTXH%DVLQVRXWKHDVWRI
WKHVH0R]5EODFNDUURZLQ)LJXUHE
We observe only weak evidence of current controlled sedimentation in the northwestern part of the 
study area in depths corresponding to NADW. Here, most of the Quaternary deposits consist of sub-
KRUL]RQWDOZHOOOD\HUHGVWURQJDPSOLWXGHUHÀHFWLRQVZLWKDVPRRWKWRSHJ)LJXUH&'3V±
±)LJXUH&'3V±:HLQWHUSUHWWKLVDVDQLQGLFDWLRQIRUSUHGRPLQDQW
pelagic sedimentation in these areas. However, a large number of drifts and erosional structures 
HJ)LJXUH&'3V±±±LQGLFDWLQJVWURQJFXUUHQWFRQWURORQVHGL-
mentation occur in the south of the study area (red and green lines enclosed by thick turquoise and 
light blue contours in Figure 6.10a). 
We propose that the observed difference in strength of current controlled sedimentation between the 
northwestern and southern study area is the consequence of the existence of two NADW branches 




According to van Aken et al. (2004) partitioning of NADW is still a feature of today’s circulation in the 
$±62JDWHZD\ZLWKRQHEUDQFKÀRZLQJQRUWKZDUGVLQWRWKH1DWDO9DOOH\DQGWKHRWKHURQHHDVWZDUG
into the Indian Ocean (purple arrows in Figure 6.1). Our seismic data show that nNADW has recircu-
ODWHGVRXWKZDUGDORQJWKHZHVWHUQÀDQNRIWKH0R]5VLPLODUWRLWVPLG0LRFHQHWR3OLRFHQHSDWKZD\
(purple arrow with red ‘1a’ in Figure 6.10b). Our interpretation of a pelagic sedimentation with only 
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PLQRUFXUUHQWFRQWUROLPSOLHVDZHDNVRXWKZDUG1$':ÀRZZLWKRQO\ORFDOO\LQFUHDVHGFXUUHQWYH-
ORFLWLHVDVDFRQVHTXHQFHRIWRSRJUDSK\LQWHUDFWLRQHJ)LJXUH&'3V±7KHORFDO






RQO\D WKLQVHGLPHQWDU\FRYHUDQGDGHHSPRDWFRQWRXULQJ WKHHDVWHUQÀDQNRI WKHVZ0R]5)LJ-
XUH&'3V±$WWKHVKDOORZHUVRXWKHUQH[LWRIWKHSDVVDJHWKHVHGLPHQWDU\FRYHULV
VWURQJO\VFRXUHGE\HURVLRQJUHHQOLQHVDW±(±6LQ)LJXUHD7KLVVXJJHVWV
an increased velocity of the initially weak nNADW within the passage (purple arrow with red ‘1c’ in 
Figure 6.10b). We relate this to southward narrowing and shallowing of the trough constraining the 
current and therefore increasing its velocity, a mechanism that was also proposed for NADW circu-
lating through the Agulhas Passage (Schlüter and Uenzelmann-Neben, 2007, 2008b).
The observation of erosional structures and contourite drifts in the southern study area suggests a 
PRUHYLJRURXVHDVWZDUGÀRZRIV1$':SXUSOHDUURZZLWKEODFNµ¶LQ)LJXUHE7KHGLVWULEX-









onset of a free circulation of deeper water masses (AABW and sNADW) through the A–SO gateway 
ZLWKRXWPDMRUREVWUXFWLRQE\WKHVRXWKHUQ0R]5
 
The Quaternary deposits show only a thin cover (<100 ms TWT) in depths similar to modern AAIW 
P1RQHWKHOHVVVHYHUDOGHSRFHQWUHVGRRFFXURQWRSRIWKHF0R]5DQGVZ0R]5KDWFKHG
in yellow in the turquoise areas in Figure 6.10a) and we observe an increase in the number of drift 
VWUXFWXUHVFRPSDUHGWRXQLW6E,)LJXUH&'3V$:,±$:,UHG
lines in the turquoise areas in Figure 6.10a). We interpret our observations as evidence for a sus-
tained current control on sedimentation. 
However, the increased abundance of depositional structures indicate an overall reduction of cur-
rent velocities compared to mid-Miocene to early Pliocene times. Gourlan et al. (2008) proposed a 
reduction of the strong westward current of the MIOJet during late Pliocene due to the closure of the 
Indonesian seaway. We therefore suggest the decrease in current velocity of the AAIW to have been 
a consequence of the closure of the Indonesian seaway. Based on the observed drift geometries and 
WKHORFDWLRQVRIWKHHURVLRQDOVWUXFWXUHVDWWKHVRXWKHUQ0R]5ZHLQIHUWKDWWKHSDWKZD\RI$$,:FLU-
culation already established in mid-Miocene to early Pliocene was maintained (orange arrows in Fig-
ure 6.10b). This is supported by the observation of erosional patches on the eastern Agulhas Plateau 





tems active in the Atlantic, the Indian, and the Southern oceans. A large number of depositional and 
HURVLRQDOVWUXFWXUHVDWWKHVRXWKHUQ0R]5LQGLFDWHWKDWWKURXJKRXWPRVWRIWKHODWH&HQR]RLFVHGL-
PHQWDWLRQKDVEHHQLQÀXHQFHGE\SHUVLVWHQWERWWRPFXUUHQWV2XUUHVXOWVLQGLFDWH
(1) The onset of current controlled sedimentation in the mid-Miocene was caused by major palae-
oceanographic changes (e.g., West Antarctic glaciation) and a subsequent shift of circulation 






sedimentary cover along with a number of erosional structures in depths <2000 m and may 
be related to the onset of a strong MIOJet due to narrowing and shallowing of the Indonesian 
Gateway.
(2) The Quaternary deposits suggest that the NADW circulation scheme established during 
the Neogene was maintained, but the chaotic distribution of depocentres and the increased 
abundance of drifts in the south of the study area indicate the presence of two branch-
HVRI1$':7KH IRUPDWLRQRIFRQWRXULWHGULIWVDW WKHVRXWKHUQÀDQNVRI WKH0R]5SRLQWV
towards strong current controlled sedimentation during deposition of unit S2b-II and thus 
LQFUHDVHGLQWHQVLW\RI1$':7KLVFDQQRWEHREVHUYHGDWWKHZHVWHUQÀDQNRIWKHVRXWKHUQ
0R]5ZKHUHZHLQWHUSUHWPDLQO\SHODJLFVHGLPHQWDWLRQDQGORZHU1$':ÀRZYHORFLWLHV  
On-going drift formation in activity depths of AABW suggest relatively stable current velocities 
VLQFHPLG0LRFHQHWLPHVHYHQWKRXJKRXUGDWDFRQ¿UPVDVKLIWRIWKHPDLQLQÀRZRI$$%:
LQWRWKH$±62JDWHZD\DIWHUWKH¿QDOFORVXUHRIWKH&$6DQGWKHRQVHWRI1RUWKHUQ+HPL-
sphere Glaciation. Our observations show that AAIW slowed down compared to its vigorous 
ÀRZGXULQJ1HRJHQHWLPHVZKLFKPD\EHDFRQVHTXHQFHRIWKHGHFUHDVHRIWKH0,2-HWDIWHU
WKH¿QDOFORVXUHRI WKH,QGRQHVLDQ*DWHZD\:HLQWHUSUHW WKH LQFHSWLRQRI WKH3OHLVWRFHQH
circulation scheme in the A–SO gateway as the initiation of the modern circulation that has 






by the Alfred-Wegener-Institut Helmholtz-Zentrum für Polar- und Meeresforschung.
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7. Seismostratigraphic model of the southern Mozambique 
Ridge
For the reader’s convenience, in the following I provide a graphic (Figure 7.1) and tabular summary 
7DEOHRIWKHVHLVPRVWUDWLJUDSKLFPRGHORXWOLQHGLQFKDSWHUVDQG


























Figure 7.1. 6HLVPRVWUDWLJUDSK\RIWKHVRXWKHUQ0R]DPELTXH5LGJH7KLFNEOXHOLQH VHDÀRRUWRSRIXQLW6E
II, thick brown line = top of unit S2b-I, thick yellow line = top of unit S2a, thick green line = top of unit S1, thick 
UHGOLQH WRSRIEDVHPHQWUHGGDVKHGOLQHDORQJZLWKUHGKDWFKHG¿OOLQJ SRVWVHGLPHQWDU\PDJPDWLFVWUXFWXUH
see description in chapter 4. The black bar with the red triangle on top indicates the proposed location of Drill 
Site A, please refer to chapter 9 for further information. For a detailed description of the individual seismic units 
SOHDVHUHIHUWR7DE7KHORFDWLRQRIWKHSUR¿OHLVLOOXVWUDWHGE\WKHUHGOLQHLQWKHLQVHWVKRZLQJWKHEDWK\PHWU\
of the study area (Weatherall et al.
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its calculated areal extent and magmatic volume. Both values exceed the threshold values required 
IRUTXDOLI\LQJDVD/,3E\IDUDQGVXJJHVWLWVHPSODFHPHQWDVDFRQVHTXHQFHRIH[FHVVLYHPDJPD-
tism during the Early Cretaceous. 
,QGLFDWLRQVIRUDVHTXHQWLDOGHYHORSPHQWRIWKH/,3ZHUHLGHQWL¿HGZKLFKLVVXSSRUWHGE\SXEOLVKHG
magnetic anomaly data (König and Jokat, 2010). Based on the calculated magmatic volume of the 
VRXWKHUQ0R]5LWVIRUPDWLRQFDQEHFRQ¿QHGWRWKHWLPHEHWZHHQaDQG0D7KLVWLPLQJWLHV
LQZLWKDUHFHQWSODWHWHFWRQLFUHFRQVWUXFWLRQE\.|QLJDQG-RNDWDQGFRLQFLGHVZLWKWKH¿QDO
phase of Gondwana breakup.




and the characteristics of the Cretaceous and late Cenozoic sedimentary units with postulated pal-
aeoceanographic events. I observed a strong impact of regional and global tectonic and climatic 
PRGL¿FDWLRQVRQWKHGHSRVLWLRQDOFRQGLWLRQVLQWKHVWXG\DUHDDQGVWURQJHYLGHQFHIRUWKHDOWHUDWLRQ
RIWKHZDWHUPDVVH[FKDQJHEHWZHHQWKH$WODQWLFDQG,QGLDQ2FHDQVE\WKH0R]5
I determined topography to be the controlling factor of the Early Cretaceous depositional environ-
PHQW7RSRJUDSKLFKLJKVVXFKDVWKH)DONODQG3ODWHDXDQGWKH0R]5HIIHFWLYHO\EORFNHGWKHFRP-
mencing sluggish eastward circulation in the Southern Ocean from entering the A–SO gateway (‘Ear-
ly Cretaceous’ box in Figure 8.1). This is documented by a drape of the magmatic basement by 
sediments deposited under euxinic conditions. 
9ROFDQRJHQLFVHGLPHQWVDQGDVWURQJLQFUHDVHLQUHÀHFWLRQDPSOLWXGHVLQGLFDWHDPLG&UHWDFHRXV
PDJPDWLFUHDFWLYDWLRQRIWKH0R]5WKDWFXOPLQDWHGLQLWVXSOLIW&KDSWHU$7XURQLDQXQFRQIRUPLW\
observed at several locations within the A–SO gateway was attributed to the existence of a vigor-
RXVVKDOORZFLUFXODWLRQDQGFRUUHODWHGZLWKWKHa0\UORQJODVWLQJKLDWXVRFFXUULQJDWWKH0R]5
µ0LGWR/DWH&UHWDFHRXV¶ER[LQ)LJXUH'LQJOH et al., 1978). This suggests initiation of a shallow 
circulation between the Atlantic and Indian Oceans by late Turonian times.
7KHLGHQWL¿FDWLRQRI/DWH&UHWDFHRXVVHGLPHQWGULIWVFRQWRXULQJWKHVRXWKHUQ0R]5LPSOLHVDGH-





lates well with the major reorganization of global palaeocean circulation driven by extensive tectonic 










- Emplacement of sou-
  thern MozR (131–125 Ma)
- Semi-isolated basin, 
  topographic barriers
- Submarine deposition,
  Terrigenous sediments  
- Euxinic conditions
Early Cretaceous
- Magmatic reactivation of MozR
- Opening/deepening of topo-
  graphic barriers (APa, EAG,...)
- Onset of long-lasting cooling
  trend in Turonian times  
- Volcanogenic sediments,
  uplift of MozR
- Erosive shallow circulation/
  subaerial erosion 
- Restricted deep circulation,
  black shales
Mid- to Late Cretaceous
- Onset of pre-Indian
  Ocean SEC
- Opening of DP and TSG
- Initiation of ACC#
- Erosion/non-deposition
  at MozR  
- Late Palaeogen onset of 
  contourite deposition in
  TB and NV#
Palaeogene
- Thermal subsidence of MozR
- Separation of RWS, shallower DP
- Biogenic sediments
- Contourite deposition by surface
  and intermediate depth circulation
- Restricted deep circulation,
  oxygenation via vertical exchange
Late Cretaceous
- Tectono-magmatic reactivation
  of MozR by EARS
- Tectonic (CAS, IndG,...) and
  climatic (WAG,...) modifications
- Onset of MIOJet
- Contourite deposition by NADW
  and AABW




- CAS closure, IndG closure
- Onset of NHG, increased glaciation cycle
  frequency
- Contourite deposition across all depths of
  sMozR, pelagic sedimentation
  at western flank
- Two NADW branches, shift of AABW
  inflow, slower AAIW
                    Onset of modern THC
                    across A–SO gateway
Quaternary
Chapter 4 (Fischer et al., 2017)
Chapter 5 (Fischer and Uenzelmann-Neben, 2017a)
Chapter 6 (Fischer and Uenzelmann-Neben, 2017b)
Refer to Schlüter and Uenzelmann-Neben, 2008b#
Figure 8.1. 6XPPDU\RIWKHUHJLRQDODQGJOREDOHYHQWVGXULQJWKHSHULRGRI LQLWLDO0R]5/,3IRUPDWLRQDQG
restricted circulation until initiation of modern, unrestricted thermohaline circulation through the African–South-
HUQ2FHDQ$±62JDWHZD\7KHFRORXUHGUHFWDQJOHVWKHKDVKWDJUHIHUWRWKHFKDSWHUVUHIHUHQFHWKDWSURYLGHD
more detailed discussion of the individual topic. For further information regarding the  AABW = Antarctic Bottom 
Water, AAIW = Antarctic Intermediate Water, ACC = Antarctic Circumpolar Current, APa = Agulhas Passage, 
&$6 &HQWUDO$PHULFDQ6HDZD\'3 'UDNH3DVVDJH($* (TXDWRULDO$WODQWLF*DWHZD\($56 (DVW$IUL-
FDQ5LIW6\VWHP,QG* ,QGRQHVLDQ*DWHZD\0R]5 0R]DPELTXH5LGJH1$': 1RUWK$WODQWLF'HHS:DWHU
1+* 1RUWKHUQ+HPLVSKHUH*ODFLDWLRQ19 1DWDO9DOOH\5:6 5LR*UDQGH±:DOYLV5LGJH6\VWHP6(& 




LPHQWGULIWV LQGLFDWH WKDWFXUUHQWYHORFLWLHVVORZHGGRZQDW WKH0R]5 LQGHSWKVVLPLODU WRPRGHUQ
NADW and AABW (Chapter 6). The occurrence of widespread erosion in AAIW depth suggests that 
shallow circulation remained vigorous.
The distinct change in the mid-Miocene circulation scheme was caused by a combination of several 





A Pliocene unconformity is considered to represent the transition towards the modern THC in the 
$±62JDWHZD\7KHRQVHWRIUHQHZHGGULIWGHSRVLWLRQFRUUHODWHVZLWKWKH¿QDOFORVXUHRIWKH&$6
and the inception of Northern Hemisphere Glaciation (‘Quaternary’ box in Figure 8.1).  Subhorizontal 
VWURQJDPSOLWXGHUHÀHFWLRQVRIWKH4XDWHUQDU\VHLVPLFXQLWDUHLQWHUSUHWHGDVWKHFRQVHTXHQFHRIWKH
increase in glaciation cycle frequency during Pleistocene times. 
7KHGLVWULEXWLRQRIWKHFRQWRXULWHGULIWVDWWKHVRXWKHUQ0R]5VXSSRUWDVKLIWRIWKHLQÀRZRI$$%:
into the A–SO gateway to the Agulhas Passage.  Predominant pelagic sedimentation at the western 
ÀDQNRIWKH0R]5DQGFRQWHPSRUDU\FXUUHQWFRQWUROOHGVHGLPHQWDWLRQLQWKHVRXWKHUQVWXG\DUHDLQ
comparable depths indicate the existence of two individual NADW branches. 
7KHZHDN1$':ÀRZDWWKHZHVWHUQÀDQNLVWKHUHVXOWRIODUJHSDUWVRIWKLV1$':EUDQFKOHDYLQJWKH
$±62JDWHZD\WRWKHQRUWKRIWKH0R]57KHVRXWKHUQ1$':EUDQFKHQWHUVWKH0R]DPELTXH%DVLQ
in a more direct way. Therefore, I suggest that a deep THC (AABW and NADW) through the A–SO 
JDWHZD\ZLWKRXWPDMRUDOWHUDWLRQRIÀRZSDWKVE\WKH0R]5ZDVLQLWLDWHGDVDUHVXOWRIWKH3OLRFHQH
WR3OHLVWRFHQHWHFWRQLFDQGFOLPDWLFPRGL¿FDWLRQV
Furthermore, the initiation of contourite drift deposition in AAIW depth indicates a decrease of the 





In the previous chapters the study provided a comprehensive analysis and discussion of the research 
questions presented in the introduction (chapter 1.4). However, during preparation of the study many 
additional questions arose. These questions are addressed in this chapter.
First of all, I will focus on how to 
improve the seismostratigraphic 
PRGHO IRU WKH 0R]DPELTXH 5LGJH
that was developed in this disser-
tation. Obviously, with the lack of a 
correlation of the seismic data with 
geologic data from a drill site, the 
seismostratigraphic model would 
JUHDWO\EHQH¿WIURPDQLQWHUVHFWLRQ
ZLWK'6'3/HJ6LWHRUDQJH
star in Figure 9.1). 
However, due to the occurrence 
of a deep depression between the 
QRUWKHUQ 0R]5 DQG WKH VRXWKHUQ
VHJPHQWVRIWKH0R]5DGLUHFWFRU-
UHODWLRQRI WKH0&6UHÀHFWLRQGDWD
FRYHULQJ WKH VRXWKHUQ 0R]5 ZLWK
DSDP Site 249 could pose a prob-
lem. 
Therefore, I propose the possible 
locations of two drill sites at the 
VRXWKHUQ0R]5UHGDQGJUHHQVWDUV
inFigure 9.1). Both drill sites pene-
trate the entire Cretaceous and Ce-
nozoic sedimentary sequence of 
the seismostratigraphic model and 
LQWHUVHFW WKH 0&6 UHÀHFWLRQ SUR-
¿OHVXVHG LQWKLVVWXG\7DEOH
Drill Site A (red star in Figure 9.1) 
LVORFDWHGLQDZDWHUGHSWKRIa
PDQGSHQHWUDWHVaPRIVHG-
iments before reaching the base-
ment (black bar with red triangle in 
Figure 7.1). Its great water depth 
and its thick total penetration depth 













































Figure 9.1. Bathymetric map (Weatherall et al.RIWKHVWXG\
area showing the key structual units mentioned in this chapter. The 
magenta lines illustrate the locations of the new proposed MCS re-
ÀHFWLRQSUR¿OHVZKLOHWKHUHG'ULOO6LWH$DQGWKHJUHHQVWDUV'ULOO
Site B) indicate the locations of the proposed drill sites. The white ar-
URZSRLQWVWRWKHFRQWLQHQWDOIUDJPHQWHDVWRIWKHQ0R]57KHEODFN
OLQHVUHSUHVHQWWKH0&6SUR¿OHVXVHGLQWKLVVWXG\7KHRUDQJHVWDU





mostratigraphic model. Furthermore, in case of reaching the 
EDVHPHQWVDPSOHVZRXOGSURYLGHDEDVLVIRUWKH¿UVWGLUHFW
DJHGDWLQJRIWKHEDVDOWLFEDVHPHQWRIWKH0R]5
The second objective I am addressing is a necessary ex-




cluding transition into the Mozambique Basin), and parts of 
WKHQ0R]57KHSURSRVHGSUR¿OHVLQWHUVHFW'6'36LWHDQG'ULOO6LWH%DQGFDQWKXVEHXVHGIRU
IXUWKHULPSURYHPHQWRIWKHVHLVPRVWUDWLJUDSKLFPRGHO7KHORFDWLRQVRIWKHSUR¿OHVZHUHVHOHFWHGLQ
order to resolve the following open questions:
(1) $UH WKHUH LQGLFDWLRQV IRU D IRUPDWLRQ RI WKH 7UDQVNHL 5LVH GXH WR GHFUHDVHG





/,3ZRXOGKDYHFRPSULVHGD WRWDODUHDRIa[6 km2, which is comparable in size to 
WKHJUHDWHU.HUJXHOHQ+HDUG3ODWHDX/,3$FFRUGLQJWR*RKO et al.WKH7UDQVNHL5LVH
VRXWKRIWKH0R]5LQ)LJXUHZDVHPSODFHGE\DFWLYH/,3PDJPDWLVPRIOHVVLQWHQVLW\




(2) :K\ LV WKH VH0R]5 VXEVWDQWLDOO\ OHVV HOHYDWHG WKDQ WKH RWKHU VHJPHQWV RI WKH VRXWK-
HUQ 0R]5" 'RHV LW UHSUHVHQW WKH VKLIW WR WKH SKDVH RI VWURQJO\ UHGXFHG /,3 PDJ-
PDWLVP GXH WR VKXWRII RI GLNH SURSDJDWLRQ .DUOVWURP DQG 5LFKDUGV " 
  
According to several authors (Bryan et al.  &RI¿Q et al.  -HUUDP DQG :LG-
GRZVRQ  WKH WUDQVLWLRQ IURP WKH PDLQ HUXSWLRQ SKDVH WR WKH SKDVH RI VWURQJ-
ly decreased magmatic output happens abruptly and may introduce a phase of 
more protracted volcanism where eruptions become more widely distributed.  
$GGLWLRQDO0&6SUR¿OHVFRYHULQJWKHVH0R]5LQ)LJXUHDUHQHHGHGIRUDIXOOHYDOXD-
Table 9.1. Parameters of proposed drill sites A and B.
Drill Site A B
Water depth [m] a a
Unit S2b-II thickness [m] a a
Top of unit S2b-I [mbsf] a a
Unit S2b-I thickness [m] a a
Top of unit S2a [mbsf] a a
Unit S2a thickness [m] a a
Top of unit S1 [mbsf] a a
Unit S1 thickness [m] a a


















Figure 9.2. Interpreted section of 
0&6 SUR¿OH $:, DORQJ UR-
posed Drill Site B. Its location is shown 
in Figure 9.1. The parameters of Drill 
Site B are listed in Table 9.1. Seismic 
stratigraphy as  described in chapter 7.
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CHAPTER 9. OUTLOOK
tion of the areal extent of this part of the ridge. So far, seismic data only covers the edges of 
WKHVHJPHQWZKLFKSRVHGLI¿FXOWLHVWRDVVHVVLQJLWVWUXHH[WHQWDQGPDJPDWLFYROXPH7KLV
could show if the magmatic output have waned down abruptly or gradually, and could support 
WKHK\SRWKHVLVWKDWWKH7UDQVNHL5LVHZDVDSURGXFWRIOHVVLQWHQVLYH/,3PDJPDWLVP*RKO 
et al., 2011).
(3) ,VWKHUHHYLGHQFHIRUQHRWHFWRQLFDFWLYLW\DWWKHHDVWHUQÀDQNRIWKH0R]5"  
 
7KH0&6 UHÀHFWLRQSUR¿OHVDFURVV WKH$QGUHZ%DLQ)UDFWXUH=RQH LQWR WKH0R]DPELTXH
9DOOH\FRYHUWKHDUHDRIWKHSURSRVHGZHVWHUQERXQGDU\RIWKH/ZDQGOHPLFURSODWH6WDPSV 
et al.6DULD et al.6WDPSV et al., 2014). East-west trending (normal) faulting may 
indicate a correlation with the proposed northeast to southwest direction of the boundary and 




(4) Are there differences of the basement structure and sedimentary distribution between 





the results of DSDP Site 249 and the proposed Drill Site B (magenta lines in Figure 9.1).  
7ZRRI WKHVXJJHVWHGSUR¿OHVFURVVDaNP ORQJQRUWKVRXWK WUHQGLQJVWUXFWXUH ZKLWH
DUURZLQ)LJXUHWKDWLVVHSDUDWHGIURPWKHQ0R]5E\DOLQHDUGHSUHVVLRQ7KHVWUXFWXUH
was dredged during SO183 and SO232, and it was hypothesized that it represents a conti-
nental crustal bloc that was sheared off into the ocean basin during the initial opening of the 
VRXWKHDVWHUQ,QGLDQ2FHDQE\WUDQVIRUPIDXOWLQJ-RNDW8HQ]HOPDQQ1HEHQ
)XUWKHULQYHVWLJDWLRQRIWKHVWUXFWXUHYLDVHLVPLFUHÀHFWLRQSUR¿OLQJPD\WKHUHIRUHFRQWULEXWH
to the discussion if it can indeed be associated with the initial rifting of Gondwana.
The previously mentioned topics can be addressed with the help of additional geophysical data. In 
the following, I will give a brief outlook on questions that could be answered by geochemical and 
petrological investigations.
$V LOOXVWUDWHG LQ )LJXUH  D WRWDO QXPEHU RI  GUHGJHVZLWK D JUHDW YDULHW\ RI URFN VDPSOHV
ZHUHDFTXLUHGGXULQJ596RQQHH[SHGLWLRQ62DQGDUHIXUWKHUDQDO\VHGE\*(20$58HQ]HO-
mann-Neben, 2014). These analyses will provide a better age constraint for the basaltic basement 
and the PSM structures. In addition, the investigation of the dredge samples in regard to geochemi-
FDOVLJQDWXUHVRISDODHRFHDQSUR[LHVVXFKDVUDGLRJHQLF1HRG\PLXPDQG/HDGLVRWRSHVFRXOGKHOS
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Figure A.1. Bathymetric map (Weatherall et al.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